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GENERAL INTRODUCTION 
T h i s  p a p e r  i s  o n e  of  two IIASA C o l l a b o r a t i v e  P a p e r s  c o n t a i n -  
i n g  p a p e r s  p r e s e n t e d  a t  t h e  T h i r d  I n t e r n a t i o n a l  Conference  on t h e  
Management o f  Resea rch ,  Development and  E d u c a t i o n  h e l d  a t  Wroclaw, 
Po land  i n  September 1978 .  The c o n f e r e n c e  was,  on  t h i s  o c c a s i o n ,  
j o i n t l y  o r g a n i z e d  by D r .  Karo l  Pelc, D i r e c t o r  o f  t h e  F o r e c a s t i n g  
Research  C e n t e r  o f  t h e  T e c h n i c a l  U n i v e r s i t y  o f  Wroclaw and by 
P r o f e s s o r  Gennady Dobrov, Deputy D i r e c t o r ,  I n s t i t u t e  o f  Cybernet -  
ics ,  Kiev and a t  t h a t  t i m e  a member o f  t h e  s t a f f  o f  t h e  Management 
and  Technology Area o f  t h e  I n t e r n a t i o n a l  I n s t i t u t e  f o r  App l i ed  
Systems A n a l y s i s .  Formal ly ,  it was j o i n t l y  sponsored  by t h e  
Wroclaw T e c h n i c a l  U n i v e r s i t y  and IIASA. 
I t  i s  always  d i f f i c u l t  t o  d e c i d e  what  t o  do a b o u t  c o n f e r e n c e  
p r o c e e d i n g s .  The g r e a t e s t  v a l u e  o f  such  c o n f e r e n c e s  is  u s u a l l y  
t h e  mee t ing  between minds--the exchange o f  i n f o r m a t i o n  and under-  
s t a n d i n g  between p e o p l e  from d i f f e r e n t  c u l t u r e s  and academic back- 
grounds .  T h i s  w a s  p a r t i c u l a r l y  t r u e  a t  t h e  Wroclaw c o n f e r e n c e  
where t h e r e  was s t r o n g  r e p r e s e n t a t i o n  from t e n  c o u n t r i e s ,  b o t h  
E a s t  and W e s t .  I t  w a s  a rare o p p o r t u n i t y  f o r  s c i e n t i s t s  t o  iden-  
t i f y  p o t e n t i a l  c o l l a b o r a t o r s  and d i s c o v e r  who w a s  working i n  which 
f i e l d .  Such o p p o r t u n i t i e s  are t o o  few. N e v e r t h e l e s s ,  t h e  Con- 
f e r e n c e  S c i e n t i f i c  Committee f e l t  t h a t  a number o f  t h e  p a p e r s  
s h o u l d  b e  made a v a i l a b l e  f o r  r e f e r e n c e  i n  a more a c c e s s i b l e  form, 
and w i t h  t h e i r  h e l p ,  w e  have  made a s e l e c t i o n  f o r  i s s u e  as IIASA 
C o l l a b o r a t i v e  P a p e r s .  A comple te  l i s t  o f  t h e  4 0  p a p e r s  r e a d  a t  
t h e  c o n f e r e n c e  a r e  g i v e n  as a n  Appendix t o  t h i s  c o l l e c t i o n - - c o p i e s  
o f  i n d i v i d u a l  p a p e r s  c a n  be  o b t a i n e d  by r e q u e s t  f rom t h e  F o r e c a s t -  
i n g  Research  C e n t e r ,  T e c h n i c a l  U n i v e r s i t y  o f  Wroclaw. 
The i n t r o d u c t o r y  p a p e r  t o  t h e  c o n f e r e n c e  was on 'Main Prob- 
l e m s  i n  t h e  C o n t r o l  o f  S c i e n t i f i c  and T e c h n o l o g i c a l  C r e a t i v e  
A c t i v i t i e s ,  A p p l i c a t i o n  o f  I n n o v a t i o n s  and E d u c a t i o n  o f  S c i e n t i f i c  
S t a f f 1  and was g i v e n  by P r o f e s s o r  J a n  Kaczmarek, S c i e n t i f i c  
S e c r e t a r y  o f  t h e  P o l i s h  Academy of S c i e n c e s  and a  member o f  t h e  
IIASA Counc i l .  W e  f e l t  t h a t  t h i s  was o f  s u f f i c i e n t  i n t e r e s t  f o r  
a  s e p a r a t e  i s s u e ,  and a p p e a r s  a s  IIASA CP-80-19. For t h e  rest 
we have s e l e c t e d  t h i r t e e n  p a p e r s  f o r  i s s u e  i n  t h i s  volume, and 
have d i v i d e d  them i n t o  t h r e e  g roups .  
The f i r s t  g roup  o f  f i v e  p a p e r s  i s  concerned w i t h  problems 
o f  s t r a t e g i c  d e c i s i o n  making i n  t h e  f i e l d  o f  s c i e n c e  and t e c h -  
nology.  The f i r s t ,  by P e t r a s e k ,  p r o v i d e s  a  new method o f  c l a s -  
s i f y i n g  t h e  t a s k s  i n  a  f o r e c a s t i n g  problem which s h o u l d  h e l p  i n  
improving t h e  r e l e v a n c e  o f  t h e  r e s u l t s  t o  r e a l - l i f e  d e c i s i o n s .  
Baworowski emphasizes  t h e  impor tance  of  t echno logy  f o r e c a s t i n g  
i n  deve lop ing  a  p r o d u c e r s  s t r a t e g y ,  and t h e  impor tance  of  match- 
i n g  t h e  f o r e c a s t i n g  p rocedure  t o  needs  a t  a l l  l e v e l s .  Two p a p e r s ,  
by Schu lze  and P e l c ,  a r e  t h e n  concerned w i t h  t h e  a n a l y s i s  of 
f a c t o r s  d e t e r m i n i n g  n a t i o n a l  s t r a t e g y  f o r  s c i e n c e  and development.  
F i n a l l y ,  w e  have a  p a p e r  by D i e r k e s  and Thienen which d i s c u s s e s  
t h e  problems o f  g e t t i n g  a  s a t i s f a c t o r y  d e b a t e  o v e r  s c i e n c e  p o l i c y  
i s s u e s ,  and c o n s i d e r s  t h e  ' S c i e n c e  Cour t1- -proposed o r i g i n a l l y  
by Kantrowitz--as  a  p o s s i b l e  s o l u t i o n .  
The n e x t  group o f  p a p e r s  i s  concerned w i t h  s t r u c t u r a l  changes  
i n  s c i e n c e  and  t echno logy  and t h e i r  impact  o n  t h e  management o f  
i n t e r d i s c i p l i n a r y  r e s e a r c h .  The f i r s t  o f  t h e s e  is  by A l b r e c h t  
and O t t o  who d i s c u s s ,  on  t h e  b a s i s  o f  e x t e n s i v e  h i s t o r i c a l  s t u d i e s ,  
t h e  d a n g e r s  o f  g e n e r a l i z i n g  o v e r  t h e  sc ience- techno logy-produc t ion  
c y c l e  w i t h o u t  making c l e a r  d i f f e r e n t a t i o n  between d i f f e r e n t  
c l a s s e s  o f  t e c h n o l o g y ,  a s  w e l l  a s  o t h e r  f a c t o r s .  E t o  shows some 
o f  t h e  problems a r i s i n g  from t h e  development o f  new s c i e n c e s - -  
b o t h  b a s i c  and m i s s i o n  o r i e n t e d  sc iences- -and d i s c u s s e s  t h e  i m -  
p l i c a t i o n s .  Glowiak and Winnicki  f o l l o w  t h i s  theme i n  d i s c u s s i n g  
t h e  manager ia l  a c t i o n  needed t o  s t i m u l a t e  new f i e l d s  of  techno- 
l o g i c a l  e x p e r t i s e ,  such a s  env i ronmenta l  e n g i n e e r i n g .  F i n a l l y ,  
Dobrov, Randolph and Nurminski p r e s e n t  some work u n d e r t a k e n  a t  
IIASA r e l a t i n g  t o  t e c h n o l o g i c a l  change i n  a g r i c u l t u r e ,  and i n  
p a r t i c u l a r  draw a t t e n t i o n  t o  t h e  problems i n t r o d u c e d  by t h e  
r a p i d l y  d e c r e a s i n g  o u t p u t - i n p u t  ene rgy  r a t i o .  
The t h i r d  group of  p a p e r s  d e a l s  w i t h  b r o a d e r  q u e s t i o n s  o f  
management o f  RED and of  t e c h n o l o g i c a l  change.  Bobryshev and 
Chereshkin  d i s c u s s ,  i n  p a r t i c u l a r ,  t h e  development o f  a  p lanned 
management i n f o r m a t i o n  sys tem f o r  r e s e a r c h  and development  i n  t h e  
USSR.- Wasniowski c o n s i d e r s  f o u r  q u e s t i o n s  r e l a t e d  t o  t h e  manage- 
ment o f  l o n g  range  programs,  namely: What i s  a  l o n g  range  program? 
What a r e  t h e  problems o f  f o r m u l a t i o n  and management? Why i s  t e c h -  
nology assessment  needed? Why i s  sys tems a n a l y s i s  needed? H e  
d i s c u s s e s  t h e  u s e  of  computer c o n f e r e n c i n g  and t h e  u s e  o f  gaming. 
B a l l ,  M i l l e r  and Pearson  t h e n  g i v e  a  d e t a i l e d  s t u d y  o f  t h e  develop-  
ment o f  s i n g l e  c e l l  p r o t e i n ,  and pay p a r t i c u l a r  a t t e n t i o n  t o  t h e  
problem o f  matching t echno logy  t o  market  needs .  F i n a l l y ,  
Jermakowicz and Ruszkiewicz u n d e r t a k e  a  s t u d y  o f  t h e  machinery 
i n d u s t r y  i n  Poland which e n a b l e  them t o  i d e n t i f y  some o f  t h e  major  
o r g a n i z a t i o n a l  f a c t o r s  i n f l u e n c i n g  t h e  e f f e c t i v e n e s s  o f  t h e  
Science-Technology-Production c y c l e  i n  i n d u s t r i a l  e n t e r p r i s e s .  
A l l  t h e  p a p e r s  a r e  p r e s e n t e d  h e r e  a s  g i v e n  a t  t h e  c o n f e r e n c e .  
I n  t h e  i n t e r e s t s  o f  economy w e  have  n o t  a t t e m p t e d  t o  e d i t  them i n  
any  way. 
We would l i k e  t o  t a k e  t h i s  o p p o r t u n i t y  o f  t h a n k i n g  t h e  members 
o f  t h e  S c i e n t i f i c  Cbmmittee o f  t h e  c o n f e r e n c e  f o r  t h e i r  h e l p  w i t h  
r e g a r d  t o  t h e  c o n d u c t  of t h e  c o n f e r e n c e  and t h e  s u b s e q u e n t  selec- 
t i o n  o f  p a p e r s  f o r  p u b l i c a t i o n .  I t  was a n o t h e r  example o f  s u c c e s s -  
f u l  i n t e r n a t i o n a l  c o l l a b o r a t i o n .  
Karo l  P e l c  and Ryszard  Wasniowski R o l f e  Tomlinson 
F o r e c a s t i n g  Resea rch  C e n t e r  Management and Technology Area  
T e c h n i c a l  U n i v e r s i t y  o f  Wroclaw I IASA 
FORECASTING OF SCIENCE AND TECHNOLOGY 
AS AN INSTRUMENT FOR DECISION MAKING 
From day t o  d a y  t"i. cndeav3ur  t 2  f o n e c a s t  f u t u y e  z f r  ni,, 'b:iz.::.~~.:s 
s t r ~ n g e r . S o c i a 1  e f  f e e  t i v e n e s s  o l  r " 3 ~ t - c a s t i c  a c t . i v i t y ,  t l ' ~ : ' : ~ : t - 2 ~ ,  s~)!?c; ;? 3 
r a t h e r  d o u b t f u 1 , e s p e c i a l l y  when deterininir,,s, t h e  i n f l u e i l e e  of' P(:,Tec3sc+ 
t i n g  on d e c i s i o n s  of  p l a n r i n g  2nd a a n a g i n g  c e ~ : t r ? s . F r o b n 5 l g  t h i s  i s  
due t o  t h e  f a c t  t h a t  data inc luded  in. fcmzz~t  are  of-bn ~ o t  o;r:Ly uce- 
l e s s  f o r  d e c i s i m  rnakin,3 b u t  a l s o  f a l s e  and c a n p o t  be v e r i f i e d  by 
t h e  u s e r .  
A r e l a t i v e  s t , a t n a  t i o n  ir: y r c - p a r i n 3  s n d  u s i n i  pure ly  p r e d i c t i v e  
in3dels f o r  f o r e c a s t i n , <  can  be obse rved  t o  a p p t a r  s i m u l t ~ n e o w s l y  
n i t h  f a s t  r r o s r e s s  i n  b u i l d i r , ~  snd p i l 3 t  . e x ? l ~ i t a t i o n  of v a r i o u s  
k i n d s  of  m3Zels s e r v i n q  f o r  a n t i c i p a t i o n . A p a r t  f r o m . t h e i r  p r e d i c ' t i -  
v e  power t h e  l a t t e r  mg<ie ls  e r e  c k s r a c t e r i z e d  by7 t h e  a S i l i t y  t o  
r e f l e c t  t h e  pr3bler;l s o l v i n q  FrDcess  !when t h ~  s d ' c j e c t  of  j e c i s i o n  
p r e p a r e s  and r e a l i s e s  h i s  s t r a t e z y  and t a c t i c s  of a 5 n a ; ~ r n e n t  I / .  
. 
The above m e n t i m e d  t rc-nds  i r  t h e  r . - c e n t  s t a t e  of tcl? sTt  
f o r e c a s t i n s  a r e  a  s e r i g u s  c h a l l ~ e n z e  t c ~  t h e  f o r e c a s t i ! > ~  theor::  ~ F t h  
h a s  n o t  besn  f u l ! y  d e v e l o p e d , y ~ t . I g  i t  p o s s i b l e  t o  d e l i m i t  more  ex- 
p l i c i t $ ~  t h e  t a s k s  wher, f3 r ; ; l i ; l r t ing  t h e  demsnd f o r  a  f3 r i : cae t  . ?  
Can we d e f i n e  more p r o c i s ~ l y  oi? i idequs te  method  f o r  fnr rcss t i i :?  i n  
3 c e r t , a i n  d e c i s i v e  s i t u s t i o n  ex  a s t e ?  
THE RXLATIVISTIC CQTTZZYT OF F7REC;ZSTIFG 
The c l a s s i c a l  q u e s t i o n  tl+ov~ t o  p r e d i c t  t h e  f u t u r e ? "  a a k e s  t h e  
p r e s e n t  f o r ~ c a s t , i n z  ne t93do l2 ,y  f a c ?  t h e  r r 2 5 1 c n  of f i n d i ~ , . 7 ,  t h e  
b e s t  p r ~ d i c t i v e  al- ,?r i t t . lm f ~ r c t l o n i n g  i ~ d e p e n d s n t l y  32' t h e  p r s c e s s s s  
o f  q e n e r a t i n g  t h e  Fu tu re ,The  r o o t s  cf  t h e  a ~ t  p r e d i c i . i ~ g  e s  a a p e c i - a  
f i c  p r g c e s -  of t,rar.sfgrrnl.ng e x i s t i n 2  d a t s  1.2:r ir, r ec2r . t  c o n c e r t s  
of f ~ r e c a s  t inq.The m.-ch,?ni.z t i e  a p - r ? 3 c h  2 ; 3 F ~ 3  z ' C ~ c l ! : t i . z t ~  ta5? 7 6 1 ? i ~  
of t h e  f c r e c a s t i n . 3  method i s * e f f e c + i : : e  / t . h ? u ? h  t o  a c c r t s i n  e x t e z t  
0 ~ ? 1 y /  wher; p r e d i c t i n g  n 2 t t i r a l  e q u i l i b r i a  and  c y c l e s  l;::i?g e:::rlrical 
s c i e n c e s  r e l e ~ r e n t  t 9  i t s  u n d e r s t : r ? i i ~ ; . I t  i s  461,vever n , > n e f f ~ e t i v e  
* Prague, Czechoslovakia 
when prgblems of  s 3 c i s l  d e v e l 3 c m ~ n t  a r e  t o  be  s 3 l v e d , I n  t h i s  c a s e  
t h e  s u b j e c t  p l a y s  an a c t i v e  r o l e  i n  t h e  p r c ~ c e s s  o f  c~eztins t he  
f u t ~ ~ r e . T h i s  i n  t u r n  l e a d s  t o  t h e  q u e e t i 3 n  "wha t  d o c s  i t  Eson  t o  ? r e -  
i 
d i c t  t h e  f u t u r e ? "  
Vhen l o o k i n g  f o r  t h e  a n a n e r  t h e  r c ~ c t i t r e  r 3 l e  of  c ~ ~ : d i r , ? , i l ~ ; ?  i n  
, . ... t h e  c o n t e x t  of d e c i s i o n  mz:iiRz r r o c e s s  c?cmsnds a t ' i ?n tFon  : , . ! ; : , t  .--;.;!I.- 
l s t e s  t h e  p r o c e s s  of p r e d i c t i n 3  i s  t h c  nezd  t o  anticipate ti?-? i"::;,~i?? 
i n  t h e  p r o c e s s  of r r 3 b l e a  s o l v i n g ,  T h u s  p ~ c d i c i i o n  e?Fc.?r:: : ;g  j c  f o r -  
mal s s r e c t  of an i ,?forn; la t ; ioral  p r .3cess  t:;l:ing p i a c c  c k c n  C : ? ~ : F z i g i ~  
making s u b j e c t  s n t i c i p a t e s  i n  o r d e r  t o  s l v c :  a givr.9 P T C ~ ~ : ! ~ ~ I , ; ? : ~ . I ~ S  
f o r m a l  a s p e c t  c a n n o t  havc ~ n ' ~ a b 8 o c l ~ l t e '  v n l u e  ir!  the  3enscl. GJ: d~ter- 
; n i n i ~  t h e  f u t u r e . I t s  v a l u e  i o  c l o a c l g  cop: -ec ted  .:?it.il t l ~ c  c o r  t ~ i l t  
of  i n f o r m  t i o n s l  e r c h a n g e s  r e a l i z e d  uhen t h e  s u b j s c t  acqc? . r cs  th.2 
. . 3 < knowled.?,. n e c e s s a r y  t o  s o l v e  a  p r ~ b l e : ~  ir :  a g i v e n  ? ? c l s l . o r ,  3;1!:12; 3 
r T ' D C 6 8 S .  
:'e p o s t u l a t e  + h a t  thenr:r o f  f ~ r e c s s t i n g s h o u l d  b e  bzse:! 3n 2n 
i n e v i t z 5 l g  r e12  t i v l  ? t i c  c o ~ r , ~ r  t :vhich r - f l e c t s  i n f  ~ r m s t i o n  p r s c e f s c s  
r e l a t e d  t o  , ? n t i c i ? ~  t i n g  t h e  tu t u r s  u ~ d e r  7,iven s o n e i  t i m s  cf d e c i s i v e  
3 i t u a t i o n . A  f 3 r c - c a s t  h39 a s p e c i a l  vsl ; le  i n  r e l > t i o r ,  t o  t h e  d e ~ r c o :  
of r. c o ? n i t i o n  and u p r ' e r s t z  : d i z g  cf P z~!:cP. s i t , : i ~ ; t i n n  s s  :!cT?. E P  *:c 
t h s  d p . y r e e  o? i i ? e r + i f i c a t i 3 i  e n d  s i . ? c l . f i c ~ t i i ~ n  of  r ~ ? , b l e n s  t o  be  
s o l v e d  ,:!hen t h e  s u l ~ j e c t  p r T 7 a r e s  5 ~r . ;~ ;_ . z -n~ .ne  oi' his cr;:s>:inz act!.- 
t r i ty  and t o  t h e  d e - r e e  of  the s r _ ; b , j e c t ' s  a b i l i t y  t c  Z ! 3 r F ; E ?  - ?FC? c,:r;t- 
r o l  a g i v e a  s i t c a t i o n .  
To d e l i m i t  n q r e  exp l i : . r i t l y  t b e  t :?s i -s  f ~ r  f ~ r ~ c . s s t i r . ~ , e ? - e c i ~ l l ; . :  
J 
t h o s e  f3r f 3 r e c a s t i n  o f  s c F c n c ~  and  t c~! : r?1-3~, ; :  z n  at tear . ! ;  :.(;-,r :-is..'e ! 
t o  c l a s s i f y  tt.1~ t a r k s  s t e n z i r ?  f rsz  t h e  ~ n a l ~ ~ s l s  cf c c ~ r . 1 . t : ~  , ? r - c i ~ i o n  
n3lcicg r r o c e s s e s  , ~ - c c 3 z i t ? c t  3  p l s n n i r -  yrac~ssok z ? ? n  ~ b . c  l?v?- 
l3pment  of n a t i 3 n 5 l  ec;r$r:; i s  o r i + n  tc-il;--.~3.;1-7r~:cd ,-:r,s;c;i,.?r.c! :2 r .  t r o -  
I l e d . T h r e e  worl:ing h y p , 3 t h e s s s  were aday :;?d r"3r t h i s  pl.1r;.ooe: 
1 - p r s c s s s e g  of undemtandir,:: a  gi:rer, s i t c s t i o r ,  cc;n Set -c lop  e f f e c -  
t i v e l y  o n l y  byhen an  i c f o r x a l . i o n s l  e x c h a c z s  t o k e s  ~ l z c z  ket~:t:ci~.  
; e f i t r e l  and p s r t i c r ~ l s r  k n o n l e d s e .  ;.c. a c3zoequence  ~r !<er j tanCLrg 
i s  combined w i t h  s i r n a l t a ~ e o u s  f 3 r n u l a  ti,% end s3lt7F,n_g cf ? r 0 ' ? 1 e ~ n ~  
. . 
a t  v z r i o u g  l e v e l s  0% . y e n e r 7 1 ~ z r n s  t h e  knovjled3e c s n c c r n i c z  a  
g i v e n  s i t u a t i o n  2/ .  
S t r u c t u r e  o f  problem s i t u a t i o n  from t h e  v i e w p o i n t  o f  t h e  need o f  
a n t i c i p a t i o n  when managing t h e  development o f  t h e  n a t i o n a l  economy 
S t s g e  of  m a t u r i t y  
of - , s n s ; ~ z ~ n  t c;z+,en 
T ' r 3 b l e m  s i t u s t i o n s  a c c o r d i n g  t o  t h e  
l e v e l  o f  g e n e r a l i t y  employed when s o l v i n g  t h e  t a s k s  o f  development  
I 
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1 I 
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A. . \ " 31' 
mana,qi[~,? 
t h e  nscc3eJ. 
f u z z y  c o n c e p t s - n e e d s  f u z z y  concep  f u z z y  concep t s - o u t p u t  
e n d  r e s o u r c e s  of  mays of  s o l v i n g  t h e  a b i l i t i e s  of  
syi; !-,;,- ?2-vTc1--- - . .7-  J i .., ?.+ * ' d e ~ : c ~ . ~ y  in& L:, z , , L I ~ I  
I d i l i m i t a t i o n  of  norms ~n 
p r e f e r e n c e s  f o r  . f o r  o u t p u t  of  p a r t i c u l a r  I 
g o a l - o r i e n t a t i o n  s a f  e q u s r d i ~ ~  t h e  d e v e l o p m e n t a l  s c t i v i t i e s  
o f  d e v e l o ~ r n e n t  e f f e c t i v n e s s  of  s 3 l u t i o n  
s t r a t e g y  of  
i n  g i v e n  l i m i  t i n &  
c o n d i t i o n s  normal- ized d e  v e l ? p n e n t a ?  
I 
. .. -- - -. . -  . . - - - - - . - . - -- - 
a c t u a l i s a t i o n  o f  t h e ,  a c t ~ ~ a l i s a t i o n  o f
s t r u c  t u r e  o.P 
p r e f e r e n c e s  
p r ~  j e c t  a t r u c  t u r e  t h e  norlr;~:.; f o r  d c velgpcic7c t 
2 - p r o c e s s e s  2f f s r m ~ j l a t i n ;  and s o l v i n g  of  p rob lems  a r e  c o ~ s t a n t i g  
n o d i f  i e d  due t o  d e c i s i o ?  p r o c e s s  f e e d b a c k  c m s i s t i n g  i n  usicg, 
some d e c i s i o n s  i n  t h e  c:rstern of m5nagement.A~ a  consequence  t h e  
e v s l u t i o n  of s y s t e m s  o; msnagemen t r e s u l t s  i n  a n  o r z a n i d a  t i c n a l  
m o d i f i c a t i o n  of a n  i n t c ' . l e c t u a l  a c t i v i t y  of a  d e c i s i o n  maker,  
E s r e c i a l l y  i n  p r o c e s s e s  of  d e s i g n i n g  and p r o j e c t i n g  o f  new o r  
iap,rooved s y s  tems of u=.mgement,  c e r t a i n  s t a g e s  o c c u r  t h a t  ri-, '~.: 
p r o c e s s e s  of f 3 r m u l a t i - P  ; and s a l v i n g  t h e  problems more e f f ~ . : . . i i i  2 
from t h e  p o i n t  of v iew .3f g o a l - o r i n t e d  b e h a v i o u r  o f  a d e c i s i o n  
maker. 
3 - t h e  d i s p o n i b i l i t y  of v ~ r i o u s  s y s t e m s  f o r  humsn management ~ n d  
c o ~ t r o l  i s  n o t  unique.l::nce t h e i r  u n d e r s t a n d i n g  i s  n o t  of  t h e  
s a n e  v a l u e  f o r  a  g i v e n  s t a g e  of r\r23lem s o l v i n g  p r o c e s s  when 
a  c e r t a i n  s:~stern o f  mzrggement i s  f ~ n c t i o n i n g ~ E 3 p e c i a l l y  t h e  
p o s s i b i l i t y  of  f i n d i n g  qn a lgor i t -hm f o r  programming a  c e r t a i n  
t e c L 1 . ~ 3 l 3 g i c a l  s y s t e m  b ~ i n g s  abou t  t h e  t a s k  o f  a n t i c i p a t i n g  i t s  
f u t u r e  b e i n s  d i f f e r e n t  kr-~rn t h e  t a s k  o f  a n t i c i p a t i n g  t h e  f u t u r e  
of a t ~ t a l l y  r g n y r o g r z -  ? a b l e  sys tem w i t h i n  t h e  s a n e  s y s t e m  of 
managemen t 3/. 
. r i : s u l t s  o f  t h e  a d o p t i c n  o f  t h e  h y ~ o t h e s e e  i n  t h e  c a s e  o f  t n c  
management of  n a t i o n a l  ecor3my a r e  g i v e n  i n  t h e  t a b l e . T a s k s  of  
a n t i c i r a t i n g  t h e  f L: t u r e  a r c  d i s , t i n g u i s h e d  a c c o r d i n g  t o  t h r e e  l e v e l a  
of  g e n c t r a l i t y  of f 2 r ~ i u l a t i c ;  and s 3 l v i n g  t h e  p rob lems  o f  t h e  deve-  
lopment of n a t i o n z l  econom-.The first l e v e l  b e i n g  t h e  most g e n e r a l l y  
v a l i d  one d e s c r i b e s  8 s t r a t  :zy o f  deve l?pment ,  t h e  second l e v e l  - 
s e r v e s  f o r  an i n t e r c h a n g e  k,?tween g e n e r a l  and p a r t i c u l a r  problem2 of  
devel3y;nent v i a  i t s  p r o g r a - ~ i n g  w - d e r  d e f i n i t e  c3ndi t ions , t i l?d  t!?e 
t h i r d  l e v e l  r e n r e s e n t s  t h e  - a r t i c u l a r  knowledge of  d e v e l o p e n e n t . I n  
t h e  l a ? , t e r  c a s e  pr3blerns a r e  f o r m u l a t e d  and s o l v e d  d u r i n g  f u n c t i o -  
n i n g  of' a c e r t a i n  sys tem o r  msnagement and c o n t r o l  o f  t h e  deve lo rment  
o f  na t i3nz l l  ec3nomy.Four s t 3 3 e s  o f  p r ~ b l e r n  s i t u a t i o n  a r e  d i s t i n g u i s h e d  
a c c o r d i n g  t o  t h e  tssks asz: , : ia ted w i t h  t h e  p r o c e s s  of  preyar ia ; . ,  3 9 6  
r e a l i z i n g  t h e  sys tem of rnar?zement.The d e c o m p o s i t i o n  o f  t a s k s  of 
a n t i c i r  a t i n g  from t h e  p o i n t  of  v ie~v  of' t h e  p r o g r a m m a b i l i t y  o f  s i r ~ k e n s  
i s  n o t  i n c l u d e d  ir t h e  t z t :  E .  One way of d o i n g  t h i s  ..vas e x r e r i : n m t a l l : r  
r e a l i z e d  f o r  t h e  Furpose  c"' l2ng- r snge  r l a r ~ i n g  of  t h e  d e v e l o p e n e ~ f  
o f  a  g i v e n  i n s t i t u  t i o n . F w  e v e r y  s t a g e  of pr3blem s i t u a t i o n , d i s -  
t i n g u i s h e d  i n  t h e  t a b l e , t h .  t a s k s  of  a n t i c i p a t i n g  f o r  i n s t i t u t i o n a l ,  
m g a n i z a t i o n a l  ,and t ~ c + n c l l o ; i c a l  s u b s y s  tems. of a  g i v e n  i n s t i t u t i o i ;  
were p r o r o s e d  a c c o r d i n g  t o  t h e  t h e o r y  of  o r g a n i z a t i o n  3/.:4hen 
compared v ~ i t h  t h e  act!-la1 needs  roaultdng from m e t u r i t y  cf t,"? s:;s!.m 
~f msnagement of t h e  i n s t i t u t i o n ,  t h e  f o r e c a s t s  of i n d i v i d u ~ ~ l  
develot?rnantal . f a c t o r s  can be eva lue t ed  a c c 9 r d h g  t o  t h o i r  r e l e v a a c a  
t o  t h a t  s k i p  of  problem s i t u a t i o n  a t  a h i c h  t h e  subsysten! i s  i n t d q r e t e i l  
f o r  ~anagement .T+us,  f o r  i n s t a n c e  t h e  t e c h n o l o g i c a l  s ~ ~ b a y s t e n  of a 
g iven  i n s  t i  t u t i o n  can be man~!ged acco rd ing  t o  a c e r t a i n  fornslizcd 
model.At t h e  same t ime t h e  01-gonizati-onal e ~ b ~ y s t c r n  of a c i ; ~ e n  
i n s t i t u t i o n  i s  managed i f l tu i .> ivo ly ,Hence  i n  t h e  f o m e r  cosc  t h c  
f o r e c a s t s  w i l l  s e r v e  presumaj ly  t o  meet  t h e  needs  of s n t i c i r a t i o n  
stemming from t h e  f o u r t h  s t a g e  of problem ' s i t u a t i o n  ~ h e r c a s  i n  t h e  
l a t t e r  ca se  t he  need of i d e n t i f  i c a t i c n  of problems p r e d o . t e m i n a  tho  
need of a n t i c i p a t i o n  and t h e  n e c c s ~ . ?  of e f f e c t i v e  o b j e c t s  and 
methods of f o r e c a s t i n g .  
The i n t e r a c t i o n s  betwen p a r t i c u l a r  problem s i t u a t i o n 6  p r e s e n t e d  
i n  t h e  t a b l e , a r e  fo rmula t ed  bas ing  on t h e  presumption t h a t  when 
a  c e r t a i n  system of management i s  f u n c t i o n i n g  on a  p i l o t  o r  f u l l  
s c a l e  then  c l o s e  i n f o m a  t i o c n l  i n t e r a c t i o n s  between i n d i v i d u s l  l c -  
v e l s  of g e n e r a l i t y  of t h e  p r ~ c c s s  of problem f3 rmufa t lng  one s o l v i n g  
rnust be a t t a i n e d  t o  p roac rve  . t h e  s t a b i l i t y  of  t h e  systemeon t h e  o t h e r  
hand'when t h e  p rob lens  of t h a  deve lopaent  of n a t i o n a i  economy a r e  
i d e n t i f i e d  and s r e c i f i e d  d u r i n g  t h e  p r o c e s s  of  p r e p a r i n g  6 c ~ r t a i n  
system of managezent , the  p roces  of a c q u i r i n g  t h e  n e c e s s a r y  b.onlcd.go 
~ r o c e e d s  r a t h e r h i 3 0 i a t i 0 n a t p a r t i c c l a r  l e v e l s  of . g e n ? r = l i t p  of 
unders tanding  a   give^ clevel3pmenicl s i t u a t i o n . ~ h i s  p r e s r ~ m p t i o ~  a f f e c t s  
t h e  i n t e g r i t y  of f o r e c z s t i n g  i n f p r ~ n a t i o n a ;  sys tems a t  p a r t i c u l a r  
s t a g e s  of problem s i t u a t i o n s  and l e a d s  t o  t h e  h y p o t h e s i s  t h a t  thc! 
endeavours t o  b u i l d  E n  i n t e g r a t e d  system f o r  f o r e c a s t i n g  nhen tb3 
problens of cext sos2:l Zcvol~pr;n'.;!t..t or;? tc? bz l d c n t i i ' i o d  s e a  r a t h e r  
sense l e s s .Fo r  t h e  sane  r e a s o n  i n  c r d e r  t o  ma in t a in  t h e  s t a b i l i t y  cP 
t h e  e x i s t i n g  system ~f management an i n t e g r a t e d  i n ?  3rms t i o n a l  f o r e -  
cas t ing  system must be c r e a t e d .  
SOCIAL CHALLEPYSE TO S,CIEP:CE AT!D TECt-2J3LOGY F9RSCASTI2:G 
A s h o r t  review L /  of f o r e c a s t i n 3  of s c i e n c e  2nd t e c h n o l o , ~ y  o v e r  
t h e  p e r i o d  of t h e  l a s t  15 y e s r s  ahcrvs a v a r i e t y  of s t i n u l i  and  r_ee2s 
e f f e c t i n g  t h e  f o r e c a s t i ~ g  a c t i v i t y , H e r c e  t h e r e  a r e  qi : i te  o fee:; a y p r 2 -  
aches  t o  fo recas t ing .Sach  o< them i s  q ~ ~ i t e  e f f e c t i v e  when s o l v i c g  
some t a s k s  jo ined  w i t h  a c t i c i p ~ t i n g  t h e  f u t u r e  bu t  very n c r , e f f e c t i v c  
when o t h e r  t a s k s  i nc luded  i a  s o c i a l  demand of v z r i o u s  d e c i s i o n  cen- 
t r e s  a r e  t o  be solved.  These approaches  concern:  
1  - t e c h ~ ~ l o < y  and s c i e n c e  f o r e c a s t i n g  5 / ,  I t  e x p l c r e o  f o m n  snd 
f u n c t i o n a l  c a p a b i l i t i e s  of varioufl a r t e f a c t s  J i n c l u d i n ~  s c i c h -  
t i f i c  in formst ion /  i n  t h e  f u t u r e ,  
2 - Tec*nol3gy assessment  6/. I t  e x p l 3 r e s  i n t e r a c t i o n s  betfieen func- 
t i o n a l  subsys t ens  of a r t e f a c t s  and  v a r i o u s  syatems condi  t i 2 n i , ~ z  
s o c i a l  developexent  i n  o r d e r  t o  e s t a b l i o h  g c a l o  end  p r c l e r 2 n c ~ a  
i n  s c i e n c e  and technology r o l i c y  w i t h i n  the f r r n c ~ r o r k  cf a cc.?- 
t a i n  s t r a t e g y  of  socioeconomic develcpement of o o c i z t y ,  
3 - f u t u r e  r e s e a r c h  I / .  It e x p l o r e s  t h e  impact  of p a a s i b l e  : ' : s ;~  oi:' 
s c i e n c e  and technology development 'on t h e  s t r e t e z g  2nd t a c t i c s  
o f  ,management while sdv- g b b a l  o r  l o c a l  prob lm d t he  n e x t  dei7o- 
lopment of human s o c i e t y  o r  i t s  s ~ i b s y s t c a ~ ~ ,  
4 - planfl ing of s c i e n c e  and technology development 7/, I t  ezrplores arid 
c r e a t e s  norms f o r  goa l -o r ion ted  p l a n n i n g .  of s c i e n c e  aad  tech20- 
l o g y  development v ~ i  t h i n  t h e  f r a r n c v ~ o ~ k  of t h e  p l ann ing  z z c 1 1 a n i ~  
used t o  i n f l u e n c e  t h e  socioeconomic dcvelopmcnt of e o c i e t y ,  
The o l d e r  t e c h n o l o g i c a l  f o r e c a s t i n g  i s  o r p ! i e d  t o  solve t h e  
development of c e r t a i n  f u n c t i o n a l  subsyfitems of  produc t s  o r  t echno -  
l o g i e s  whose d e s c r i p t i o n  i s  r e l a t i v e l y  e a s y  on t h e  groundo of t r a d i -  
t i o o a l  i n fo rma t iona l  systems.0n the  o t h e r  hand t h c  ncn models 
agpsopr:c;tc f o r  pls;r,nLng tho devolc?ers,.;,:; cf big o o c i a l  systeng hzve 
been develaped r e c e n t l y  f o r  t h e  needs  of f u t u r e  research ,Tkcg  
r e p r e s e n t  m u l t i a s p e c t  and i n t e r d i s c i p l i n a r y  cpprooch t o  9 ~ C q  problem 
t h a t  must be so lved  when managing t h e  development of ooc ie t :~ .  
From t h e  p o i n t  of view of t h e  r 2 l a t i v i s t i c  concept  of forc-cas-  
t i n g  i t  Is  p o s s i b l e  t o  e x p l a h  th&s  h i s t o r i c a l  treni! :/in tha c!e~~r\l.cp- 
nent  of t a s k s  f o r  f o r e c a s t i n g  t h e  f u t u r e /  i n  t h e  fo l . l on ing  nay:\ 
- a  need of a n t i c i p a t i l l g  a r o s e  i n  conaect iot l  i ~ j . t h  p r s b l e m s  of  t h e  
r e g u l a t i o n  and. c o n t r o l  of management systems / a t  the  r i g h t  b o t t c n  
of t h e  t a b l e /  be ing  i n t e r p r e t e d  a s  re12 t i v e l y  i s o l a t e d  -tc-chnr\!.>- 
z i c a l  s u b s y s t e m  of a g iven  s o c i s l  o rgen i so  t i o n ,  
- a need of pro;ramming of s o c i a l  deve lo~rnen t  by v:ay of the  c3cr -  
d ina  t ion of s p e c i a l i z e d  f u n c t i o n a l l y  effective a c t i v i e  w i t h i ?  a 
@ven managed s o c i a l  o r g a n i o a t i o n  - W a t z ~  tknee3 of a n t i c i p a  t ior :  . t o  
, 
sa fegua rd  t h e  e f f e c t i v e n e s s  of r e a c h i n s  d e f i n i t e  g o a l s  k:; t h ~  
3 r z a n i z a t i o n  / t h e  t r e n d  a t  t h e  l e f t  top of t h e  t a b l e / . ~ s  a r39i:l t  
a more conplex model f o f  a n t i c i p a t i ; ; g  t h e  - f u t u r e  o r i ~ i f i a t e s  i n  
which s c i e n c e  and technology s t a n d s  a s  f a c t o r s  of t h e  develogment 
of many f u n c t i o n a l  subsystems of t h e  m o d e l ,  
- a need of a n t i c i p a t i n g  a r i s e s  when a y s t e m s t i c  e t t emps  a r e  msde t o  
i aproove  t h e  o r i e n t a t i o n  of development of managed s o c i a l  o rgac iea-  
t i o n s / a t  t h e  top of t h e  t a b l e /  ivhereas t h i s  need Eipiears a 3  e,arlg 
a s  i n  f irst  s t a a e s  of f o r x u l a t i n g  d e v e l ~ p r n e n t a l  problem9,A w d e l  
i n t e r p r e t a t i o n  used f o r  a n t i c i p a t i n g  t h e  f u t u r o  a s 3 ~ m e 3  a f0~3 ~f 
gaming and l e a r n i n g  sys tems  s c i e n c e  and tec:;nolog;; 
development r e p r e s e n t  a  s u b s t a n t i o n a l  g o a l €  o r z i n g  a c t i v i t y  tvhcn 
t h e  s t r a t e g y  of development i s  modelled. 
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TECHNOLOGICAL FORECASTING AND 
THE PRODUCERS INNOVATIVE STRATEGY 
L. J. Baworowski* 
Policy of Production M t e r ~ r i e e ?  4' 
The main superior goal of each prodtrcer i s  the  satiefcrction of 
individual  and s o c i a l  needs thawing in tine / s a t i s fac t ion  of current  
needs generatee new ones/ and respozcirg t o  the  deuand of otker pro- 
ducere /means of production, semi-finished products, products f o r  
cooperation/. 
The qua l i ty  and modernity requircrcents of products a r e  every 
day higher: both individual use r s  and the  branches of industry  went 
the  producte t o  be b e t t e r ,  more funct icna l  end more ~ C O R O E ~ C .  I n  in- 
t e rna t iona l  t rade  the re  i s  a l s o  enother f a c t o r  - competif:ol?, forc ing  
the  producere t o  d ive r s i fy  the rango of products, t o  inprove t h e i r  
qua l i ty  and Functional propertiee. 
The incent ives  i n  t h i s  respect  a r e  due to t  ' ¶ 
- increase of requirements dae t o  irprovernent of the  qual i ty  of 
l i f e ,  and 4;a information about conaet i t ive  products i n  other ~ o t r a t ~ e ,  
- :1S1zar denand f o r  modern, more FL... xc-2 i onal , more b e a ~ + ; ~ t : l  produc5 7 ,  
which n_re easy t o  handle and ecolzomic i = 1  Qse, 
- wide d i v e r s i f i c a t i o n  of proGl~cL3, cauaing various nfaahionsw, 
- oubs t i tu t ion  of heavy m t e r f  alc bg o%zer, l i g h t e r  an5 of nnye 
a t t r a c t i v e  appearance, preserving 322 ssze funct ional  queli5iea. 
An ever higher r a t e  of prcdactioz renenal,  shortening of l i f e  
cycles of products makes f o r  an i ~ c r c a s e  of a new product t o  old 
proCuct r a t i o  i n  the  whole induet r icz  ceC-p.t. I n  the  years  1963-68 
about 40% of turnover i n c r e ~ e n t  i n  t5e VS i n  the  automobile, elec5ro- 
technical  and chemical i n d u s t r i e s  aes $we t o  the  introduct ion of ren 
producte 8 . I n  the  rad io  engioeeriag i n c ~ s t r y  about ea of sales 
rras dk3 t o  products f h a t  d id  not exist; 10 yezre e a r l i e r  / 9 j  . !?he re-  
cord belongs however t o  e l ec t ron ic  beeces of wide uce. !L%eLr Cevclo3- 
nent cycle i s  no longer than 3-4 yeem, zzd t h e i r  l i f e  cycle does 305 
exceed 4 years. The cycle invgntion-CiYcsion i s  becoxLr,- shor te r  en2 
shorter .  An6 thue, i f  f o r  3 e l l  it l ac t ed  55 geare,  35 yesrs f o r  tke  
radio,  15 f o r  the  radar ,  i n  C E E ~  of ' ; r zx~ i s to r  it beca2e reclnced t o  
only 5 years  / 3/ 
* Technical University of Wroclaw 
According t o  Spruch / 9 /  "there i s  a general terdency to o91- 
ta5n systematically the high r a t e  09 prodaction renemaln, T ~ i e  ie 
due t o  preeeuree exerted both by users  e5d rece ivers  with r e s ~ e c ?  t o  
5hree conditions: modernity, high q ~ z l i t y  and price, These a r e  Yhee 
mj or  element8 i n  en terpr i se  policy. 
2. Global S t ra t ea lee  of ?rodv.ce~s 
I n  general terms, e t ra tegg  i s  a p o l i t i c a l  t o o l  and i t s  task ie 
t o  define the  wage of achieving the goals  set up by p o l i t i c s  u e i ~  
al located f u n d e / g /  provided f o r  t h i s  purpoae. What i s  most i ~ p o r -  
t a n t  i n  s t r a t egy  i e  the  concen$ratios on the  superior goel t o  which 
eu3ordinate goala of lower order a r e  aseigned. I n  t h e  conotruction 
of a s t r a t egy  the  goale and resources rhould be considered i 3  long 
time in temala .  That i s  why a l l  s tra5egiea should be beset  on the 
r e s u l t s  of forecaet ing studies.  
By forecast ing we mean a l t e r n a t i v e  asseeement of a probable, 
poaeible and deeired development of a given oystern, concerniw ellg 
procesaee and trende of development of ~=fous  phenomena or  e v e ~ t e  
occtwring i n  nature,  eoc ia l  l i f e  or  t k e  consciousness. A f o r e c a s $ l ~ g  
object  m e t  be described by aeens of sgproyria te  parameters, on $he 
bas i s  of which and re ly ing  on s c i e ~ 5 l f ' i c  methode a deacr ipt lon of 
i ts  probable and poereible cherges I n  the fu tu re  i s  made. I 5  IB a 
foundation f o r  deciaion making. 
On the  basie  of i n t e r n a l  /en terpr i se  leve l /  and ex5ernal /brench, 
deqartments, nation, world leve ls /  infornat ion,  forecastZrg a c t i v i t y  
is  conducted i n  the  following areas: 
1. Inveet igat ion of needs and foreccs%s of t h e i r  deve lop~en t ,  
2. Market reaearch /ealee,  pr ices ,  groduct qual i ty/  an6 f o r e c a e t ~  
about fu tu re  changee, 
3. Forecaets conaerning areea of i n t e r e s t  f o r  producers with res-  
pect t o  the  na t iona l  o r  world socio-econo3ic egstem, 
4. Forecaeta of probable developzmt of competitive foreign 
markets, 
5. Forecaete of technological  derelopzents i n  branches of in te reez  
f o r  producere, 
'Phe decision-making p r o c e s s .  / 12 / with respect  t o  global  s t r a -  
t e g i e s  of producers occurs aa f o l l o i ~ s .  
- analyais  of the  en te rp r i se  and of i t s  environment, 
- forecaete  of probable change of the  environment, of possible 
benef i te  and t h r e a t e  /a s e t  of al terna*ive decieions/,  
- se lec t ion  of f eaeible  and degired a l t e r o a t i v e s  of pro$!cti on 
a c f i v l t y  /a s e t  of poeeible and &d!!li33iSle decisions/ ,  
- development of a global  e t ra tegy of the  producer /a s e t  of gel- 
ecf ed decisions/. 
Usually we oan have 'to do with %o kinds of bas ic  e t r a t eg ies  
/i.e, eeta  of poeeible and admissible c'.ecieione/ i n  the  prodacer'e 
s i t u a t i o n  characterized by a high d e p e e  of innovative dynmice,  es 
described above, !bey arer 
1. Offensive e t ra tegy,  
2. Defensive s t ra tegy ,  
A defensive s t ra tegy ,  ca l led  a l a o  ~ d a p t i v e ,  aims a t  t 3 e  pre2er- 
vat ion of the  posi t ion of the  produce?, I f  i s  a s t re tegy  of eda>ta- 
t i o n  and survival .  We of ten have t o  do n i t h  apparent innovations 
/innovatione on a na t iona l  sca le  only/. 
The offeneive s t r a t egy  t r i e s  t o  c3mge t o  pos i t ion  of the  pro- 
ducer and i e  characterized by a competition race  and an ac t ive  inno- 
vafive a c t i v i t y  as well  a s  i n t e ~ s l v e  Ineroduction r a t e  of R+D i m o -  
vations, 
3 Stm.%euI ee of TechnoLoaicel GrorY~, 
The achievement of socio-econor7ic goals  of an enteryr iae  i s  re-  
a l ized  by i t 8  technical  a ~ d  productFo2 section. The neceaoity of 
purzuing t h e  global  s t r a t e g i c n l  o b j c c t i ~ e ~  of the en terpr ice  reoui re j  
i t s  frsnsmission t o  the language of Sccbnology. 
Ykat are the  poseible technolo,-lczi s t r a t e g i e s j 4 j i c  ar_ enter-  
prlse? 
P i r s f ,  we can adopt an a2rcc62~ zzsd technology, by l icence 
buying, 
Second, we can adapt /adjust ,  i n r o ~ e /  it according +o t35 
chaogigg needs. 
Third, w e  aan buy a nsn i3ventio-r /ga%n+/, 
Fourth, me can develop the crc~:>t~c! p-ocese by o w  Q-ZI means, 
i , e ,  corduct a l l  R+D norka i n  o ~ d a r  to ac2icva 3ey, or ig iml  $eck- 
nological  and construct ionel  s o P ~ t i o - s ,  as -::ell as ncn ?ro2ac50e 
Set  us look now a t  apec i i i c  I z i ~ ~ : a t i c n  levels. AezV.ziag afSer 
'Jelenta/ 10 / t h a t  innovation i s  easlz cizzge i n  a r e a l  ~cc5r_ological  
s t ruc tu re  denoting the  paeeeze fzoz sze o h t o  t o  ano%er, CiZfercnt 
state, we have a l s o  accepted h i e  divis502 of i n n o v a t i o ~ s  i3t0 e ight  
l e v e l s  / 10 / t  
0 - regeneration, 
1 - i n t e r n a l  adaptation,  
2 - external  adaptation,  
3 - adjustment, a small qua l i t a t ive  change, 
4 - a new var ian t  - change of socz f i ~ a c t i o n a l  elemento, 
5 - a new "generationw - charge of a l l  funct ional  e l e ~ e n 3 s ,  
6 - a new "typen - change of operct5onal concept of a l l  elemen$s, 
7 - a new flspecieew - applica2ion of new rules .  
What i s  the r e l a t i o n  b e h e e n  the  ixlnovation l e v e l s  and the  tech- 
nological  s t ra tegy  / 2 1  ? 
A defensive s t ra tegy  r e f e r s  t o  innova$ions of the  t h i r d  l e v e l  
/ the first  th ree  l eve le  a r e  neglected s ince they a re  pa r t  of overhaxl 
and r a t i o n a l i z a t i o n  p rocesse~ / .  It E ~ E Z  t o  echieve a minimum develops 
ment l e v e l  i n  a given branch. 1% reqz i res ,  however, some degree of 
o r i g i n a l i t y  and appl ica t ion  of various r e s u l t e  of e c i e n t i f i c  research. 
The offensive e t ra tegy csn 'os rea l ized  exclusively/  6 j 5y 4-7 
levels .  There a r e  three  poesible subs3rategiee i n  t h i s  respect:  
1. medium posi t ion s t ra tegy ,  
2. high posi t ion s t ra tegy ,  
3. supraposit ion s t ra tegy.  
The first one aims a t  the echievecisxt of an average norld  level .  
Parametera /qual i ty ,  modernity end price/  of products, tech3ologiea 
and construction have t o  re7resent  zn av2rage world &el. 
The aocond one aims a t  the  achicvenczt of the  highest  norld 
# l eve l ,  t h a t  i s  why the  products g a r m e t e r s  muet represent the  l e v e l  
comparable with the  best  world p r o d ~ s t s .  
Tlze thirc! - t r i e a  t o  suspesls 'Y2c *::o~id l e v e l  i n  e give2 area,  
and the parametere must be highcr -i;ian ->Le ~ o r l d  stancard. Te'51e 1 
present8 spec i f i c  s t r a t e g i e s  ezd i r z o ~ z - > l o x  l e v e l s  correa?ondi2g 
t o  them. 
Technological and proCactioz effes-5s a r e  a l s o  shorn i n  Teble 7 .  
Technological l e v e l s  a r e  accocpa2ied -3g anccessive econo5c  ef fec ts :  
- subs t i tu t ion  of imported proCuc*t, 
- beginning of the  exports,  
- possibility of l icence s e l l i n g ,  
- prof i tab le  export,  
- prof i tab le  l icence  gellir,o, 
- very prof i tab le  export,  
- very prof i tab le  l icence  se l l ing .  
Also the p o s s i b i l i t i e s  / 2 / O H  x b s t r t u t i o n  /of o:m products/ 
by l icence has been defined. 

4. Stratem-De-pendent Technol&cal Tcracaetina; 
Technological forecas t ing  i s  a probabil ie%io aesessnent with 
a high r e l i a b t l t t y  l eve l ,  of the  Future technology tr6n'sfor;  fro^ 
e c i e n t i f i c  resources through t echno log id  sgetems up t o  technological 
appl icat ions ,  soc ia l ly ,  economically and ecological ly  accepted. 
A s  far a s  the  producer 'e s t ra tegy  i a  concerned, technological 
forecaet ing has t o  enable a choice of h i s  technological  s t ra tegy  
coneidered a s  a technological  system. A t  t h e  f i r e t  s tage 
- producer's s t ra tegy  i s  determined by the  centre  / t o e .  decisions 
made by p o l i t i c a l  o r  economic au thor i t i e s / ,  
- producer; s t ra tegy  may be determined by himself or  within the  
framework of s t ra tegy  establ ished cen t ra l ly  f o r  the  whole branch or  
group of producte. It i s  sham i n  Table 2 by column n s t r a t e g i e s  
sought 
A s  far a s  the  th ree  offensive s t r a t e g i e a  a r e  concerned, the  
Table shows the a reas  and goals  of technological  forecast ing,  
One of the  elements of technological f orecaeting i s  investiga- 
t i o n  of technological  gap. Without enter ing i n t o  d e t a i l s /  7 /  we 
a h a l l  only eay t h a t  it i s  a kind of forecas t ing  presented i n  Table 1 
ae  a l i n k  between rows: wcoupet i t ion developmentw and wtec5nological 
developmentn. What we want i s  t o  d e f i m  the  gap described i n  tech- 
n ica l  parameters o r  technologios /mst%ces of production/ between 
new products and competing products. T le t  gap shown i n  form of vector 
of parameters does not explain  everything, It must be t ran~formed 
i n t o  a time l a g  or resource gap. Problena of competition plcnning 
discussed i n /  5 /  a r e  a l s o  elemeato of t be  offensive etrategy.  
5. Technolo~ica l  Porecaatir,p, ~ . s d  Scim$iP.ic Xeeearch Cy-cle 
I n  caae when the  producer nants t o  launch a e t r a t e m  baeed on 
s c i e n t i f i c  research of h i s  cn2, the  rkole  cycle of h i s  a c t i v i t y  i e  
preeented by Table 3. The procedure i s  the  same f o r  both kinds of 
s t r a t eg ies ,  although the  defensive otraJ;egy does not i ~ a p i r e  i t s  own 
R+D ac t iv i ty .  
A success i n  R+D depends on the -techzoLogy t r a n s f e r  and i n t e r -  
ac?ione between changing technologies. Technological forecas t ing  
should ind ica te  both the  t r e n s f e r  sfar+iw 3y c u r r e ~ t  ec3lologies! 
and ~ s k e  a review of elements, proceszeg, products, 8 t r ~ c t w e 3 ,  tech- 
nologlea, i.e. i t  should revea l  tke T u x t i o n  of t r a n s f e r  2nd e i t e r -  
native transformatione of spec i f fc  P:.zstions. 
The goal t r e e  i s  a metnoe! post criZeljr used i n  f o r e c a z t i ~ g  since 
Stra tegy 
Goala of  
t ~ c h n o 1 o ~ ; i c -  
a1 foracns-  
.t i n g  and 
a u x i l i a r y  
r enea rch  
I 
A 
4 
I 
- 
Scught f o r  
I d e n t i f i c a t i o n  
of probable 
and f e a a i b l e  
technologies  
,and s t r u c t u r e s  
Aoseaomont of 
fuLure oppor- 
t ~ ~ n i t i e s  of  
their develop- 
ment 
Table 2 
- -  
- -- - 
Def onaive 
--_-_ _- _ _  _ _  
I d e n t i f i c a t i o n  
of  dovelopaent 
t r e n d s  of tech- 
no log ica l  para- 
mctcrs of 
products, 
hkp lo ra t ion  f o r  
d i v e r a i f  i c a t i o n  
of  productg, 
Exploration of 
now app l i ca t io la  
f o r  new product a 
and technologic s 
--- - - 
D e t e r m i n e d  
- - - - - -- - 
O f f e n s i v e  
I 
E x ~ l . o r a t i o n  
o f  t h e  h i g h e s t  
l e v e l  of world 
technology and 
f o r e c a s t  of  
i t s  dynamics 
Asseuoment of  
of  probabi l i -  
t i e s  and or ien-  
t a t i o n  of 
brakthrougha 
b p l o r a t i o n  and aeseosrnent of 
t e c h n i c a l ,  technological  and 
o r g a n i z a t i o n a l  gap 
------- --- 
. - - -  
I1 
---- 
Assessment of 
t h e  world tech- 
n o l o g i c a l  l e v e l  
and f o r e c a s t  of 
i t s  dynamics 
Asaeosment of 
new a p p l i c a t i o n s  
f o r  new products  
and technologies 
-- - 
--- 
I11 
Explora t ion-  
of f u t u r e  i n -  
novat ions  f o r  
adopt ion  
Forecaat-3 of 
f e a s i b l e  adap- 
t a t i o n ~  of 
ad juoted  tech- 
nologiea  
it allowe for determination of etrategies of scientific research. 
Extrapolation techniquee, on the other hand, enable t6n identie 
$he constraint8 of technology devolopnext for alternative afrategies. 
6. C_qn_clueion 
lrle have tried to present interactions beheen the producerea 
etrategy and technological forecasti~g. Together with the needg aria: 
lysis, market reeearch and economlc forecasts, technological fore- 
ca~ting conetitutee an important element in the development of pro- 
ducer*~ strategy. We should aleo empkcize that the above @gents 
of setting up the produoere. etrategy ere neceaaary prerequisite8 
of ite determination. 
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THE FACTORS FOR B U I L D I N G  OF 
STRATEGIES FOR SCIENCE AND TECHNOLOGY 
D i e t e r  Schulze* 
The a c t i v i t i e s  o f  s c i e n c e  and technology p o l i c y  may be c l a s s i -  
f i e d  i n :  (a )  de t e rmina t ion  of d i r e c t i o n s  and g o a l s  of  t h e  r e s e a r c h ,  
( b )  b u i l d i n g  o f  c o n d i t i o n s  f o r  e f f e c t i v e  r e a l i z a t i o n  of  t h e  re- 
s e a r c h ,  (c)  b u i l d i n  o f  c o n d i t i o n s  f o r  e f f e c t i v e  u s ing  o f  t h e  re- 4 s u l t s  o f  r e s e a r c h .  [ 1 
Science  and technology p o l i c y  i s  i n sepa rab ly  connected wi th  
t h e  b u i l d i n g  and r e a l i z a t i o n  o f  s t r a t e g i e s  f o r  development o f  
s c i e n c e  and technology.  Therefore  w e  can say:  b u i l d i n g  of  strate- 
g i e s  f o r  s c i e n c e  and technology i s  a  main t a s k  w i t h i n  t h e  f i e l d  o f  
s c i e n c e  and technology p o l i c y .  
What i s  t h e  meaning o f  t h e  t e r m  " s t r a t e g y  o f  s c i e n c e  and 
technology"?[2]  I n  my op in ion  w e  can determine t h e  meaning of 
t h i s  term as fo l lows:  
( a )  S t r a t e g i e s  o f  s c i e n c e  and technology--formulated a t  t h e  
l e v e l  of  s t a t e s  f o r  i n s t a n c e  i n  programs o f  p a r t i e s ,  as 
" n a t i o n a l  g o a l s " ,  i n  d e c l a r a t i o n s  of  governments and 
admin i s t r a t i ons - - a re  t i e d  t o  genera l  p o l i t i c a l  l i n e  of 
t h e  l e a d i n g  c l a s s  f o r c e s  i n  t h e  r e s p e c t i v e  s o c i a l  system 
s i n c e  s c i e n t i f i c  work i s  i n sepa rab ly  l i n k e d  w i t h  s o c i e t y ' s  
o v e r a l l  a c t i v i t y  and i t s  b a s i c  o b j e c t i v e s  a r i s e  from 
s o c i a l  requirements .  
( b )  I n  t h e  f i e l d  o f  s c i e n t i f i c  o r  s c i e n t i f i c - - t e c h n o l o g i c a l  
a c t i v i t i e s ,  t o o ,  t h e  t e r m  " s t r a t e g y "  aims a t  l o n g  t e r m  
l i n e s  2nd p r o c e s s e s  of  development. S t r a t e g i e s  have t o  
def ine- - in  a  f o r e c a s t i n g  manner and wi th  t h e  p o s s i b l e  
degree  of  p rec i s ion - - e spec i a l l y  long-term g o a l s  of sc ien-  
t i f i c  and t e c h n o l o g i c a l  a c t i v i t i e s  and a l s o  long-term 
e f f e c t s  o f  t h e s e  a c t i v i t i e s ,  f o r  i n s t a n c e  such e f f e c t s  
on environment. 
(c)  I n  s c i e n t i f i c  and t echno log ica l  s t r a t e g i e s  w e  cover  
i n t e r r e l a t e d ,  complex  aims a s  w e l l  as t h e  main ways and 
methods t o  ach ieve  t h e s e  aims.  
The combination o f  aims and means i s  fundamental ly  f o r  
s t r a t e g i c  o r i e n t a t i o n s ,  because on ly  t h i s  combination of  
t h e  d e s i r a b l e  w i t h  t h e  r e a l i z a b l e  gua ran tees  t h e  p r a c t i -  
c a b i l i t y  o f  t h e s e  o r i e n t a t i o n s .  Of cou r se  t h e  d e s i r a b l e  
must be a  p o s s i b l e  g o a l  i n  t h e  gnosso log ica l  a r e a  and 
t h e  r e a l i z a b l e  a l s o  i n c l u d e s  t h e  b u i l d i n g  o r  regrouping 
of  necessary  powers. 
( d )  I n  an i n s t r u m e n t a l  p o i n t  of view s t r a t e g i e s  o f  s c i ence  
and technology a r e  i n c r e a s i n g l y  backed by p r o g n o s i s  of  
f u t u r e  s c i e n t i f i c - t e c h n o l o g i c a l  developments, f o r  which 
i n  growing degree  s c i e n t i f i c a l l y  e l a b o r a t e d ,  methodologic- 
a l l y  founded p rognos t i c  documents a r e  necessary .  A s  a  
* B e r l i n ,  GDR 
r u l e  t h e s e  s t r a t e g i e s  a r e  l a i d  down i n  programs,  c o n c e p t s  
o r  l o n g - t e r m  p l a n s ,  t h u s  assuming a  b ind ing  c h a r a c t e r  and 
must be t ransformed i n  c o n c r e t e  p l a n - d i r e c t i v e s  w i t h i n  
t h e  f i v e - y e a r ,  o r  t h e  year -p lans ,  t h e  l a s t  of  cou r se  
under t h e  c o n d i t i o n  of e x i s t i n g  of a  s t a t e  system of  
p lann ing .  
From t h i s  p o i n t  of  view we can ask t h e  q u e s t i o n :  which a r e  
t h e  f a c t o r s ,  i n f l u e n c i n g  t h e  b u i l d i n g  of  s t r a t e g i e s  f o r  s c i e n c e  
and technology? The main f a c t o r s  i n  my o p i n i o n  a r e  t h e  s o c i a l  
needs of  a  g iven  s o c i e t y ,  t h e  p o s s i b i l i t i e s  f o r  gnoseo log i ca l  
development by t h e  g iven  s t a t emen t  o f  s c i e n c e  and technology i n  
t h e  world and t h e  economic, s c i e n t i f i c  and t e c h n o l o g i c a l  r e s o u r c e s  
o f  a  g iven  coun t ry .  [3 ]  To t h i s  l i s t  o f  f a c t o r s  w e  have t o  g i v e  
some remarks. 
The i n f l u e n c e  of t h e s e  f a c t o r s  on t h e  b u i l d i n g  of  s c i e n t i f i c -  
t e c h n o l o g i c a l  s t r a t e g i e s  i s  o n l y  r e a l i z e d  through t h e  i n t e r r e l a -  
t i o n  o f  a l l  t h e s e  f a c t o r s .  Only t h e  d e c l a r a t i o n  of  a  s o c i a l  need 
cannot  c o n s t i t u t e  a  s t r a t e g y  f o r  s c i e n c e ,  i f  i n  t h e  given s t a t e -  
ment o f  s c i e n t i f i c  knowledge no t  e x i s t s  t h e  p o s s i b i l i t y  f o r  so lv-  
ing  t h e  unsolved problem. And a l s o :  i f  w e  have t h e  gnoseo log i ca l  
p o s s i b i l i t y  f o r  s o l v i n g  o f  a  s c i e n t i f i c  problem, t hen  we need a l s o  
t h e  economic and t e c h n o l o g i c a l  c o n d i t i o n s  f o r  r e a l i z i n g  of  t h e  
r e s e a r c h ,  and s o  on.  
The dependence of s t r a t e g i e s  from i n f l u e n c i n g  f a c t o r s  i s  
t h r e e f o l d ,  t h e  i n f l u e n c i n g  f a c t o r s  have n o t  o n l y  d i f f e r e n t  char-  
a c t e r s  i n  t h e  q u a l i t a t i v e  s e n s e ,  b u t  a l s o  d i f f e r e n t  dimensions i n  
t h e  q u a n t i t y .  The f u r t h e r  gnoseo log i ca l  p o s s i b i l i t i e s  we have t o  
ana lyze  i n  a  worldwide scale--on t h i s  gua ran t ee s  t o  d e f i n e  t h e  
whole l o t  o f  p o s s i b l e  s t r a t e g i e s .  The s o c i a l  needs depends on 
t h e  c h a r a c t e r  of  s o c i e t y ,  which a s  a  r u l e  i s  more o r  l e s s  iden-  
t i c a l l y  f o r  groups  o f  c o u n t r i e s ,  f o r  i n s t a n c e  f o r  t h e  member 
c o u n t r i e s  o f  CMEA o r  f o r  t h e  group of  developing c o u n t r i e s .  The 
main g o a l s  i n  t h e  f i e l d s  o f  economics, of p o l i c y  and of  s o c i a l  
development a r e  determined through t h e  s o c i a l  c h a r a c t e r i s t i c s  of  
such groups  of  c o u n t r i e s  and have a  very  deep i n f l u e n c e  on s t r a t e -  
g i e s  f o r  s c i e n c e  and technology.  Th i s  we can s e e  f o r  i n s t a n c e  a t  
t h e  impor tan t  p l a c e  of  s c i e n t i f i c - t e c h n o l o g i c a l  coope ra t i on  i n  t h e  
complex program of CMEA.[4] The c o n c r e t e  s t r a t e g y  f o r  s c i e n c e  and 
technology w i t h i n  a  g iven  count ry  depends on t h e  economic power 
and p o s s i b i l i t i e s ,  t h e  g iven  t e c h n o l o g i c a l  l e v e l  and many o t h e r  
f a c t o r s  o f  t h e  c o n c r e t e  s t a t e m e n t  w i t h i n .  t h i s  coun t ry .  
Going o u t  from t h e  c o n c r e t e  s i t u a t i o n  i n  o u r  count ry  and 
looking  on t h e  main s o c i a l  needs of  ou r  s o c i e t y ,  on t h e  gnoseolog- 
i c a l  p o s s i b i l i t i e s  f o r  development w i t h i n  s c i e n c e  and technology 
and a l s o  on t h e  economic and o t h e r  o b j e c t i v e  c o n d i t i o n s  and pos- 
s i b i l i t i e s  i n  s c i e n t i f i c - t e c h n o l o g i c a l  i n s t i t u t i o n s  i n  t h e  count ry  
t h e  main p r i n c i p l e s  and aims f o r  s t r a t e g y  i n  s c i e n c e  and technology 
i n  t h e  GDR a r e  determined a s  fo l l ows :  
( a )  S c i e n t i f i c  and t e c h n o l o g i c a l  p r o g r e s s  r e p r e s e n t s  t h e  
main f a c t o r  f o r  t h e  i n t e n s i f i c a t i o n  o f  t h e  r e p r o d u c t i o n  
p r o c e s s .  S c i e n t i f i c  and t e c h n o l o g i c a l  achievements t o  
be  a t t a i n e d  and u t i l i z e d  i n  t h e  GDR by 1 9 8 0  a r e  t o :  
-- ensu re  60-70 p e r c e n t  of  t h e  r e q u i r e d  i n c r e a s e  i n  
l a b o r  p r o d u c t i v i t y ;  
-- save  an annual  220-280 m i l l i o n  working hours  i n  indus-  
t r y  and c o n s t r u c t i o n ;  
-- gua ran tee  SO p e r c e n t  of  t h e  necessary  sav ings  of 
m a t e r i a l s .  [S] 
( b )  The r a i s i n g  o f  t h e  s o c i a l  e f f i c i e n c y  of  r e s e a r c h  r e q u i r e s  
t h e  i n t e n s i f i c a t i o n  o f  s c i e n t i f i c  and t echno  l o g i c a l  work 
p r o c e s s e s ,  i n c l u d i n g  measures such a s :  
-- c o n s o l i d a t i n g  t h e  t e c h n i c a l  and t e c h n o l o g i c a l  u se  of  
r e s e a r c h  and r a t i o n a l i z i n g  t h e  r e s e a r c h  p roces ses  by 
t h e  wide a p p l i c a t i o n  of  e l e c t r o n i c  d a t a  p roces s ing  
and modern means o f  in format ion ;  
-- deopening coopera t ion  of i n s t i t u t i o n s  of academies 
and h i g h e r  educa t ion  wi th  i n d u s t r y  and o t h e r  sphe re s ,  
and wi th  s c i e n t i f i c  i n s t i t u t i o n s  o f  t h e  USSR and o t h e r  
member c o u n t r i e s  o f  t h e  Council  f o r  Mutual Economic 
Ass i s t ance ;  
-- r a i s i n g  t h e  p r o f e s s i o n a l  s t a n d a r d s  of  r e s e a r c h  s t a f f ;  
-- apply ing  government s t a n d a r d s  t o  ensu re  optimum so lu-  
t i o n s  t o  r e c u r r e n t  o p e r a t i o n s  i n  development, de s ign ,  
technology and produc t ion ;  
-- improving t h e  p ropor t ions  between r e s e a r c h  and develop- 
ment s o  t h a t  r e s e a r c h  r e s u l t s  can be f a s t e r  a p p l i e d  
i n  p roduc t ion .  [6]  
(c)  I t  has  t o  be  ensured t h a t  b a s i c  r e s e a r c h  i s  f u r t h e r  
expanded, s i n c e  it i s  a source  of  new knowledge about  l a w -  
governed i n t e r c o n n e c t i o n s  i n  n a t u r e  and s o c i e t y  and h e l p s  
t o  make long-term d e c i s i o n s  on t h e  development of t h e  
economy and o f  s c i ence .  [7]  The fo l lowing  main l i n e s  and 
p r i o r i t i e s  have been e s t a b l i s h e d  i n  t a k i n g  account  of  t h e  
G D R ' s  c o n c r e t e  economic and s o c i a l  requ i rements  and of 
t h e  p o t e n t i a l  a v a i l a b l e :  
1 .  Development of  t h e  energy base ,  t h e  s eek ing  of new o r  
improved formulas  . f o r  t h e  g e n e r a t i o n ,  convers ion ,  
t r ansmis s ion  and r a t i o n a l  u se  of  energy,  i n c l u d i n g  
t h e  s c i e n t i f i c  p r e p a r a t i o n  of  inves tments  r ega rd ing  
i n s t a l l a t i o n s  f o r  t h e  g e n e r a t i o n  o r  t r ansmis s ion  of  
energy.  
2.  Extension of t h e  raw m a t e r i a l s  base ,  mainly through 
s y s t e m a t i c  g e o l o g i c a l  p rospec t ion  and t h e  i n c r e a s e d ,  
comprehensive u t i l i z a t i o n  of domest ic  n a t u r a l  r e s o u r c e s  
and by-products ensu r ing  s t a b l e  s u p p l i e s  o f  raw m a t e -  
r i a l s  and f u e l s  t o  t h e  n a t i o n a l  economy. 
3 .  Development and r a t i o n a l i z a t i o n  i n  t h e  f i e l d  of  primary 
m a t e r i a l s ,  m a t e r i a l s  and subs t ances  and of  p roces s ing  
techniques  i n  o r d e r  t o  save  m a t e r i a l s  and reduce t h e  
s p e c i f i c  consumption o f  raw m a t e r i a l s  and o t h e r  mate- 
r i a l s  i n  p roduc t ion .  
4 .  The permanent r a i s i n g  o f  t h e  t e c h n i c a l  and technolog-  
i c a l  l e v e l  o f  p roduc t i on  by i n c r e a s e d  r e s e a r c h  work 
i n  such  f i e l d s  a s  m i c r o e l e c t r o n i c s ,  c y b e r n e t i c s  and 
mechanics.  
5.  To l a y  t h e  s c i e n t i f i c ,  ma themat ica l  and t e c h n i c a l  
f ounda t i ons  f o r  t h e  e f f e c t i v e  c o n t r o l  o f  m a t e r i a l  and 
menta l  p r o c e s s e s  t h a t  l e n d  themse lves  t o  computer iza-  
t i o n ,  and t h e i r  i n c r e a s i n g  au tomat ion .  
6 .  To p r e s e r v e ,  promote and r e s t o r e  human h e a l t h  and 
p h y s i c a l  c a p a c i t y ,  and t o  e n s u r e  optimum env i ronmenta l  
c o n d i t i o n s .  I n  t h e  framework o f  b i o l o g i c a l  and medi- 
cal  r e s e a r c h  it i s  n e c e s s a r y ,  f o r  i n s t a n c e ,  t o  c r e a t e  
c o n d i t i o n s  e n a b l i n g  c a n c e r  r e s e a r c h ,  r e s e a r c h  i n t o  
c a r d i o - c i r c u l a t o r y  r e g u l a t i o n  and v i r u s  i n f e c t i o n s ,  
human g e n e t i c s  and pharmaco log ica l  r e s e a r c h  t o  make 
f u r t h e r  p r o g r e s s .  
7 .  A h e a l t h y  n u t r i t i o n  r e q u i r e s  more r e s e a r c h  e f f o r t s  i n  
t h e  f i e l d s  o f  l i v e s t o c k  farming and v e t e r i n a r y  medi- 
c i n e ,  b u t  a l s o  w i t h  r e s p e c t  t o  t h e  development o f  new 
p r o t e i n  foods  based  on  p l a n t  p r o t e i n s ,  and pe rhaps  i n  
t h e  f u t u r e  o f  m i c r o b i a l  p r o t e i n s .  
8. To s a t i s f y  t h e  growing demand f o r  f a s h i o n a b l e  consumer 
goods e a s y  t o  wear o r  t o  m a i n t a i n .  [8] 
( d )  The r e a l i z a t i o n  o f  t h e s e  aims r e q u i r e s  a  r a d i c a l  improve -  
ment o f  management ,  p l a n n i n g  and o r g a n i z a t i o n  o f  s c i e n t i f i c -  
t e c h n o l o g i c a l  w o r k i n g  p r o c e s s e s .  
I n  t h i s  r e s p e c t  it is  n e c e s s a r y  t o  implement,  i n t e r  a l i a ,  
t h e  f o l l o w i n g  series o f  measures:  
-- To deve lop  t h e  p l a n n i n g  o f  s c i e n t i f i c  and t e c h n i c a l  
work s o  t h a t  it becomes t h e  main e lement  o f  economic 
p l a n n i n g ,  u s i n g  such methods a s  t a rge t -p rogram p lan-  
n i n g  i n  c o n j u n c t i o n  w i t h  b ranch  a d  r e g i o n a l  p l ann ing ;  
-- To deve lop  new forms o f  o r g a n i z a t i o n  f o r  an  e f f e c t i v e  
l i n k a g e  between s c i e n c e  and p r o d u c t i o n ,  e . g . ,  t h e  
c r e a t i o n  o f  s c i e n t i f i c - i n d u s t r i a l  a s s o c i a t i o n s  o r  
a c a d e m i c - i n d u s t r i a l  complexes ( w i t h o u t  t h a t  t h i s  form 
of  o r g a n i z a t i o n  a r e  inadmissab ly  g e n e r a l i z e d ) ;  
-- To deve lop  forms and methods f o r  t h e  e f f i c i e n t  manage- 
ment o f  i n t e r d i s c i p l i n a r y  r e s e a r c h ;  
-- To e f f e c t i v e l y  o r g a n i z e  i n t e r n a t i o n a l  c o o p e r a t i o n  of 
t h e  CMEA member c o u n t r i e s  i n  t h e  f i e l d  o f  r e s e a r c h .  
(el The i n t e r n a t i o n a l  c o o p e r a t i o n  o f  r e s e a r c h  is t o  c o n c e n t r a t e  
on t h e  f o l l o w i n g  d i r e c t i o n s :  
-- r a t i o n a l  u s e  of  t h e  r e s o u r c e s  o f  f u e l  and ene rgy ;  
-- complex u s e  o f  t h e  r a w  m a t e r i a l  wood; 
-- p r o t e c t i o n  o f  m e t a l s  a g a i n s t  c o r r o s i o n ;  
-- p roduc t i on  o f  b iomed ica l  implements and a p p a r a t u s ;  
-- deve lop ing  o f  new a r t s  o f  p e s t i c i d e s  and o f  methods 
f o r  p r o t e c t i o n  o f  p l a n t s ;  
-- e l a b o r a t i o n  o f  e f f e c t i v e  methods f o r  p r o d u c t i o n  o f  
p r o t e i n s  and f o r  r a i s i n g  t h e  n u t r i t i v e  q u a l i t y  o f  
foods  ; 
-- deve lop ing  o f  a p p a r a t u s  f o r  c l e a n i n g  o f  g a s ,  i n c l u d i n g  
t h e  need ing  implements o f  measurement and c o n t r o l .  
I n  t h i s  s t r a t e g i c  concep t i on  r e f l e c t s  i n  c o n c e n t r a t e d  form 
and f o r  t h e  l e v e l  o f  t h e  s t a t e  t h e  main g o a l s  o f  t h e  p o l i t i c a l  
and economic program f o r  f u r t h e r  growth and p r o s p e r i t y ,  t h e  main 
economic and s o c i a l  needs ,  which may o n l y  be  r e a l i z e d  w i t h  t h e  
h e l p  o f  new r e s u l t s  i n  r e s e a r c h  and development,  t h e  g i v e n  pos s ib -  
i l i t i e s  f o r  winning o f  new s c i e n t i f i c  and t e c h n o l o g i c a l  knowledge, 
t h e  p r i o r i t i e s  i n  t h e  f i e l d s  o f  s c i e n c e  and t echno logy  w i t h i n  t h e  
p r e s e n t  p e r i o d ,  t h e  s p e c i f i c s  and a l s o  t h e  l i m i t a t i o n s  o f  economic 
and s c i e n t i f i c  p o t e n t i a l ,  a s  j u s t  as t h e  needs  f o r  management and 
o r g a n i z i n g  i n  s c i e n c e  and technology.  The d e f i n e d  s t r a t e g y  o n  t h e  
l e v e l  o f  t h e  s ta te  i s  t h e  r e s u l t  o f  many a c t i v i t i e s  and a n a l y s i s  
i n  o r g a ns  o f  t h e  l e a d i n g  p a r t y  and o f  t h e  s t a t e  a d m i n i s t r a t i o n ,  
e s p e c i a l l y  o f  t h e  s ta te  commission o f  p l ann ing ,  and o f  e x p e r t i c e s  
and a s s e s smen t s  o f  many groups  o f  s c i e n t i f i c  s p e c i a l i s t s .  T h i s  
s t a t e  s t r a t e g y  a t  t h e  same t i m e  g i v e s  t h e  b a s i s  f o r  e l a b o r a t i o n  o f  
c e r t a i n  t a rge t -p rograms  and a l s o  f o r  d e f i n i t i o n  o f  s t r a t e g i c  
o r i e n t a t i o n s  and c o n c e p t i o n s  i n  s c i e n t i f i c  and t e c h n o l o g i c a l  organ- 
i z a t i o n s  on d i f f e r e n t  l e v e l s .  The s t r a t e g i c  g o a l s  w e r e  t r ans formed  
i n t o  c o n c r e t e  g o a l s  and t a s k s  w i t h i n  t h e  f i ve -yea r -p l an  and i n  t h e  
y e a r - p l a ns  i n  a l l  s p h e r e s  o f  n a t i o n a l  economics and a t  a l l  l e v e l s  
o f  o r g a n i z a t i o n .  
From t h e  me thodo log i ca l  v iewpoin t  we can  d e f i n e  t h e  main pro-  
c e d u r e s  f o r  b u i l d i n g  o f  s t r a t e g i e s  i n  s c i e n c e  and t echno logy  as 
f o l l o w i n g :  a n a l y s i s  o f  s c i e n t i f i c - t e c h n o l o g i c a l  p r o g r e s s ,  p r o g n o s i s  
and a s s e s smen t s  o f  f u t u r e  l i n e s  o f  development,  comparison o f  v a r i -  
a n t s  and d e f i n i t i o n  o f  p r i o r i t i e s ,  and e l a b o r a t i o n  o f  t a r g e t -  
programs f o r  d e f i n e d  complex a ims.  
For a n a l y s i s  o f  s c i e n t i f i c - t e c h n o l o g i c a l  p r o g r e s s  w e  can use  
t h e  f o l l o w i n g  methods [9]: p r o d u c t i o n  f u n c t i o n s ,  p a t e n t  s t a t i s t i c s  
[ 101 ,  a n a l y s i s  o f  c o s t s  and b e n e f i t s  o f  t e c h n o l o g i c a l  change,  
s t u d i e s  o f  i n n o v a t i o n s ,  a n a l y s i s  o f  i n f o r m a t i o n  f lows  [ 1 1 ] ,  
e s p e c i a l l y  w i t h  t h e  S c i e n c e  C i t a t i o n  Index ,  s t u d i e s  o f  t h e  c y c l e  
sc ience- techno logy-produc t ion  [ 121 ( ' embodiment' o f  s c i e n c e  and 
t echno logy)  i n  t h e  form o f  h i s t og rams  and i n  o t h e r  forms.  
S t r a t e g i e s  o f  s c i e n c e  and t echno logy  have t o  be founded on 
prognos i s  o f  s c i e n t i f i c  development,  which t o  e l a b o r a t e  on a  s t r o n g  
methodolog ica l  base .  Wi th in  t h e  CMEA i s  worked o u t  a  methodologi-  
c a l  program o f  f o r e c a s t i n g  [ I31 and t h e r e  a r e  many u s e s  o f  t h i s  
program i n  d i f f e r e n t  c o u n t r i e s ,  a l s o  i n  a  modi f i ed  and improved 
form. [14] 
The method o f  t e c h n o l o g y  a s s e s s m e n t  i s  worked o u t  i n  t h e  
Uni ted  S t a t e s  and t h e r e  a r e  many p r a c t i c a l  e x p e r i e n c e s  i n  u s i n g  
t h i s  method. [ I S ]  F i r s t  s t e p s  i n  u s i n g  t h i s  method a r e  a l s o  done 
i n  t h e  GDR. 
The definition o f  priorities is to be found in comparison of 
variants of future development and depends on the national goals, 
the given potential within the country, and also on the internal 
structure of scientific problems. [I61 To define priorities is a 
task of scientific and administrative organs on the highest level, 
and assumes the synthesis of all influencing factors on science 
and technology policy. 
Going on to transformation of strategic aims into planning 
documents there is the famous method of target-program-planning, 
which is using in a wide dimension in Soviet Union also in other 
socialist countries and by cooperation within the CMEA. [I71 The 
careful elaboration of such programs is a well condition for the 
realization of strategies of science and technology. 
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TECHNOLOGY STRATEGY--DETERMINANT FACTORS 
Karol I. Pelc* 
"... Wo o r e  i n  t h e  m i d s t  o f  en j n t i ' i ? ! r i ~ , >  
dcba to  on t h o  m e r i t s  of  l o r s c  =:3i:r,;.> ::.3:-5 ;. ; 
~ r a a l l - s c ~ i o  t ~ c h n 0 1 o g y ,  con t  ral;izoi.f..:.'!: 
vorsuo d c c o n t r a f i z o t i o n ,  and c~pl i -01- l r?tc .n-  
s i v e  vorous l a b o u r  - i n t o n s i v o  ticvoloptncn; . . . 
No group hos the  v~isdom o r  f 'orooighz t o  p l a n  
horn r ~ h o l o  s o c i o t i o s ,  n o t  t o  r;?onra!.on cll 0.' 
mankind, can o r  s h o u l d  odvsncr! dc;./n c7i711 
s i n g l e  p a t h  o f  dcvc lopncn t " .  
Franl: Press:  An Agenda f0.r Tecllnology and 
P o l i c y ,  "Technology Reviovr", 30~~1978, p.55 
The above q u o t a t i o n  may bo cons ide red  as o g t i n u l u o  f c r  ra t i c? - .  
n a l  a n a l y s i s  o f  ways tonords  establishing sono principles f o r  t h ~  
TECHNOLCGY STRATEGY /-is/. There o r o  s c v c r o l  rcosons f o r  scch ~tto: ' : - ts~ 
Most g e n e r a l  reason may be i l l u s t  r o  t c d  chon 1.ool:ing vpor! Tct;I:noLoil;j 
as a main p o r t  o f  i n t o r f o c o  botr:ocn Scienco ond Socioty r~horo  tachT 
no logy  o r  t e c h n o l o g i c a l  systems ore cong idorod  as c o d i f  i c d  ~ ! c \ ~ s  o f  
d o l i b o r o t o l y  m s n i p u l o t i n g  t h o  e ~ v i r o n m ~ n t  t o  ochSovc o c n c  csccr ia? .  
o b j e c t i v e  [I] . M u l t i p l e  l i n t a g e  bccr~ccn technology and ~ o c i o t ~ ~  rial. 
be e a s i l y  s t u d t e d  when o  new concept o f  techno logy  Fo uscd, basod 
on techno logy  r e p r e s e n t a t i o n  as a camb ina t i on  o f  t h r o o  eloncnts: 
herdaaro,  s o f t w o r o  and orgwere 121 nhorc t h o  l o s t  compoccc; c o r r c s -  
pond3 t o  o r g o n i z o t  i o n a l  nnd s o c l o l  9 t r v c t u r o  b o i n g  invol.vcr!, 
Technology hcs t o  bo consic!orcd h c r c  oe on o b j e c t  0;'. nanaqcmcn? 
b u t  one ohould s t i l l  t oko  i n t o  account t h a t  t h c r o  is al.!;'a\*s r c z c  
randomness i n  appear ing  o f  non t - ochno log i co l  idccls and Frt\ri;r,?3cnc 
vrhich i s  r e l a t e d  t o  t h e  n o t u r o  o f  humon c r o n t i v i t y ,  
Manago r i a l  approach t o  s e l e c t i o n  o f  t c cbno logy  and c r i c n ? a t ? . t - 7  o T 
i t s  dove loanent  i s  r c q u i r c d  a t  vor io i rs  l e v o l c  o f  o o c i n l  c r g s n i r a t i m  
* Technical University of Wroclaw, Poland 
beg inn ing  f rom t110 i n d i v i d u a l  company, t h rough  l o r g s  c0rpora. t  i o n s ,  
up t o  g o v c r n n c n t o l  bodio3, It i s  a l o o  cons ic iorcd I - cccn t l y  os an 
i m p o r t a n t  p a r t  o f  i n t o r n a t l o n n l  p o l i c y  b o t h  on : - cg iona l  and g l o b a l  
sca le .  
Technology s t r n t c g y  / T S /  has bcon s t u d i a d  by s e v c r n l  a u t h o r s  
from t h o  standpoint of  a co i -porot ion,  as a p o r t  o f  o v o r o l l  co;-po- 
I 
r a t e  s t r a t e g y  o r  as a rcsu l :  o f  cconcmic s c r o t o g y  chosen by t h o  
f i r m  [33 , [4] , 1 5 1  . ~ o v c r r ; n c n i o l  concorn  i n  tochno logy  s t r c t c g y  ' 
/TS/ was deve loped f i r a t  i n  t h o  socialist countries o3 c p n - ~ t  OF 
c e n t r a l  p l a n n i n g  system, D i ~ r i n a  - t h e  govonties i; hcs .?lsr! si-oun i n  
o t h e r  c o u n t r i e s  u i t h  d i r o c c  l in l :aco '  t o  nc r l l y  de~.olc?!.ng doinoin o f  
\ techno logy  asgossmcnt F A / ,  
Thore o r e  some g c n c r o l  f c o t u r c s  of TS r h i c h  rnc-;, kc ohscrved ac i n -  
dapandent on t ho  l c v o l  i n  h i o ro rch i ca .2  structure o f  t h o  nanagcmont , 
sys tem. 
Tho term - tochno logy  o t r a t o g y  /TS/ - is vscd bore c8 a d o r i -  
y e t i v e  f rom n o t i o n s  o f  s t r a t e g y  accepted by chcory  o ;  nanagcncnt 
1 4'and economics . 
For  t h e  purposo of  thJs  pnpcr; TS moy bo d o f i n e d  as CI group 
o f  doc is . ion r u l c s  n h i c h  a r c  uaed t o  chooso t o c h n o l o g i e g  / o r  tochno- 
i o g i c a '  systems/ a d c ~ u o t o  t o  d c s i r c d  J.ocg-torn ob: ]cc t ivcs  o f  c?.von 
econom3-c system, i n  t h e  l i g h t  o f  ma jo r  F o c t o r s  i n f l c o n c i n g  thc 
s i t u a t i o n ,  
I=ormula t ion o f  TS rop rosen rs  cr o):nthecis - typo o f  tosl: compc!.i-, 
f o r  instance, t o  t cchno lopy  osscscncnt  n h i c h  is onaL:!rtcal ocs,  
Tho aim i s  t o  e s t a b l i s h  a :rc?ncr.~orl: fc:- crcat i r - ;g  a c c h c r c n t  fcch- 
no logy  mix  r l h i c l ~  F i t s  t o  o v o r o l l  s t  r o t c g y  of . 'dcvel .c~ncnt.  Thoi-o 
i s  no f o r m a l  nc thods o r  pr!.r;c:?plos of  ~o!.\~:ing fh!.c prob:.cn i n  
gengra l ,  though sono expor foncc  and p o r r i a l  s o l u t i o n s  o!.rcodg 
e x i s t  0 
'I Examples o f  d o f i n i t i o n s  u t i l i z e d  i n  t h i s  d i o c l p l i n o :  
S t r a t e g y  - a c t i v i ~ y  v:hich specifies f o r  o b~ls!.ncso o course o f  
a c t i o n  t h a t  is dcsigncc! t o  a,zh-i.ovc dosZrcrl  i . czc~-?orn  o b j  octfves 
' i n  t h e  l i g h t  o f  a l l  nojo;. c:: to;-~31 a ~ d  I~~CT-COI f a c t o r s  pre,sent 
and f u t u r e  [5] , 
S t r a t e g y  - group o f  d c c i o i o n  r u l e s  w i t h  c e r t a i n  c h a r o c t e r i s  t i c s  
wh ich  a re  used t o  choose f r o m  on i n i - i n i t o  numbor c f  p o s s i b l o  
p roduc t  - markot  comb ina t ions  [6 ]  . 
L e t  us s p e c i f y  questions w h i c h  a r i s e  when somo p r i n c i p l e s  o f  TS 
f o r m u l a t i o n  a r e  t o  be found :  
- what t e c h n o l o g y  s t r a t e g i e s  / T S /  a r e  p o s s i b l e ?  
- what a r e  main  f a c t o r s  d e t c r m i n i n a  - TS? 
- what c o m b i n a t i o n s  o f  d o t e r m i n a n t s  e x i s t ,  a r o  p o s s i b l o  end p r o b a b l e ?  
- how t o  measure o r  assess  r e l a t i v e  v a l u o o  o f  TS d e t e r m i n a n t s ?  
- how t o  use t h i s  i n f o r m a t i o n  f o r  TS f o r m u l a t i o n ?  
The s u b j e c t  o f  t h i s  p o p o r  conce rns  m a i n l y  t h e  f i r s t  and socond 
problem. There  a r e  a  few t y p e s  o f  technology s t r o t c g i e s  d c s c r i b o d  i n  
l i t e r a t u r e  [ 5 ]  [ 6 ]  [8] , Moot s i g n i f i c a n t  o r o :  o f f e n s i v e  s t r a -  
t e g y ,  i n t e r s t i t i a l  s t r a t e g y ,  d o f e n s i v c  and a b s o r p t i v e  s t r a t e g y ,  
Ma in  f e a t u r e s  o f  t h c s o  s t r a t e g i e s  may be d e o c r i b c d  as f o l l o ~ s :  
( I )  o f f e n s i v e  s t r a t e g y  ( s ~ ) :  
i t  is assumed t h a t  g i v e n  e n t c r p r i g c ,  corpora tic^ o r  
t h e  n a t i o n a l  i n d u s t r y  a s  a  r:hole has t o  p l o y  a l e c d i n g  
r o l e  i n  t h o  domain o f  technology u n d o r  c o n s i d c r a t i o n ;  
t h i s  may b y  accompl . ishcd by con?li_nuous c c n q u c r i n g  o f  
" t e r r a  i n c o g n i t a n  and c f P c c ? i v c  t r a n s f o r r n a t i . c n  F P  nc:.~ 
t e c h n o l o g i c a l  lcnonlcdgc i n ? o  cconomtc 2nd s o c i a l  
r e s u l t s ;  i t  is a h i g h  r i s k  and h i g h  p o c c n t i a l  pe\;off 
s t r a t e g y  w h i c h  demands : an i n t c n s l v c  fcndnmc!:tol 
r e s e a r c h ,  l o r g e  R+D proprams,  c o n s i d o r c b l c  sk.i l .1 in 
t o c h n o l o g i c o l  i n n o v a t i o n s  and c o n s i d e r a b l e  r c s c r v e s  
o f  r e s o u r c e s  o f  a l l  k i n d s ;  t h i s  TS i s -  2 s t r a t e g y  o f  
r i c h  and a l r e a d y  c s t a b l i s l i c d  "players", i t  i s  adopt-od 
by  b i g  economic powers and  t h e  n o s t  davc.loppod n a t i o -  
n a l  economias ; 
( 2 )  i n t e r s t i t i a l  s t r a t e g y  ( s 2 )  : 
i t  i s  an o r i e n t a t i o n  t o ~ v a r d s  gaps o r  i n t e r s t i c c r ,  
r e m a i n i n g  o r  a p p e a r i n g  on  t l l c  :ethnological b a t  t l c - -  
f i e l d ;  a t t e m p t  t o  o v o i d  a d f r c c t  c o n F i c i 7 t a t i o n  ~ 5 t h  
b i g  c o m p e t i t o r s  i s  a m a i n  p r i n c i p l e  o f  t h i s  s:::-ctoqy 
w h i c h  r e q u i r e s  modc ra tc  r e s o u r c e s  b1.1: c x t r c n c  f!.z):i-- 
b i l i t y .  d e v c l o p c d  i n f o r n o t i o n  ~ \ ~ s r c r n s  and d \ l n s n i c  
o p e r a t i o n s  ; c o n s t a n t  a n a l j f s i s  and mapping o f  t echno -  
l o g i c a l  dcvelopment is nccosssry ;  t h i s  s t r a t e g y  i s  
o f f e n s i v e  o n l y  on carefully s o l o c t o d  a rcas  o f  tach-  
no logy ,  i t  i s  most s u i r n b l o  f o r  medium-size " p l a y e i s "  
and f o r  t h c  c o u n t r i c s  w i t h  odvencod t o c h n o l o g i c ~ l  
and manago r i a l  i n f  r a s t  r u c t u r o  b u t  w i t h  l i l n i t o d  re.- 
sources ; 
( 3 )  d e f e n s i v e  s t r a t e g y  ( 3 )  : 
main t c c h n o l o g i c o l  e f f o r t  is o r i e n t e d  towards lowo- 
r i n g  t h e  manu fac tu r i ng  c o s t s  o f  Icncnn p r o d u c t s  o r  
sys terns ; t h i s  s t  r o t c g y  r o q u i r o s  sono amount o f  spa- 
c i a l l z c d  dovclopmont l a b o r o t o r i c s  i n  t h e  a rea  o f  
R and 0 as m o l l  os lo \v l a E o u r  c o s t s  i n  t h o  a roa  o f  
manuf o c t u r i n g  , n h i l o  t h o  expcnsos f o r  research  may 
bc l i m i t e d ;  t h i s  s t r a t e g y  i s  sometimes ~ ~ s e d  by t h c  
d c v c l o p i n g  c o u n t r i e s  n i t h  c o n s i d o r a b l e  amount o f  
. 
l a b o u r  f o r c c  and l i m i t e d  c a p a b i l i t y  f o r  w iden ing  
o f  t c c h n o l o g i c a l  v s r i o t y  /c.g. t o c h n o l o g i o s  l i n k e d  
o n l y  w i t h  l o c o 1  n a t u r a l  resources/ ;  
( 4 )  a b s o r p t i v e  s t r a t e g y  ( ~ 4 )  : 
i t  i s  based on l i c e n s i n g  and adop t i ng  o f  techno logy  
from o u t s i d e ;  t h i s  s t r a t e g y  i n v o l v c s  s m a l l  r i s k  and 
r e l a t i v e l y  s m a l l  expenses on R and D, i t  is however 
u s u a l l y  combincd w i t h  t c c h n o l o g i c a l  depcndcnce; i t  
is u s u a l l y  e p p l i e d  by l e s s  developed c o u n t r i e s  
ttiough i n  some a rcas  o f  techno logy  i t  is a l s o  used 
among p a r t n c r s  i n  economic and t e c h n o l o g i c a l  coopo- 
r a t i o n ;  t h o  f l o w  o f  p a t c n t o  and r c c h n o l o g l c a l  know- 
IIOW as v:ell as t he  ba lance i n  t h i s  domain a r e  1nd.L- 
c o t i n g  t h e  r e l a t i v e  p o s i t f - o n  o f  p a r t n e r s  i n  t h e  
coope ra t i on :  s t r a t e g y  S4 may be c o n s i d o r c d  as a 
t r a n s i e n t  one, i f  t he  r e c e i v e r  of  l i c c n c c s  d c \ ~ c l o p s  
s i m u l t a n e o u s l y  h i s  own R and 0 p o t e n t i a l  and p r e -  
pares a, jump t o  s t r a t e g y  S2 o r  S1 . 
Tho above c a t e g o r i e s  o f  TS a r e  u t i l i z e d  \;cry sc ldom i n  a 
p u r e  fo rm i n  a  r ~ i d c  spec t rum o f  t e c i i n o l o g l c s -  Tl-~cy o r e  uz~lc711y 
combined by g i v e n  o r g a n i z a t i o n ,  f irrn o r  govc r c m c n t o l  body d ~ p c n -  
d i n g  on t h o  d o n a i n  o f  t e c h n o l o g y .  There  a r e  a l s o  uscd  F ~ C ~ U C I ; C ~ - ~ ;  
some n i x e d  s t r a e e ~ i e s  w i t h  o tendency  towards  s h i f t  f i-on r n c  
t o  a n o t h e r .  F o r n u l . a t i n g  o f  TS is n o t  a s i n g l c  s t c p  o r  dcf i , ; ' c t c  
sequence o f  s t e p s  b u t  a c o n t i n u o u s  a d a p t i v e  p r o c e s s  u t i l i z i i 7 n  ., 
i t o r a t i v e  p r o c c l u i - c s .  
As an  exanp lc  o f  n e c e s o i t y  f o r  dynamic TS f o r n i t l z i t i r ) ~ ,  z z c  
can s t u d y  t h e  p rob lem o f  overpassing t h e  t e c h n o l o g i c a l  c a p  by 
a d e l a y e d  p r o d u c e r  w h i l e  t h i s  gop i s  c h a n g i n g  i t s  d i r n o n c i c n  
w i t h  t ime .  
Cho ice  o f  a  g i v e n  t y p e  o f  TS dcpcndo o n  b o t h :  g o a i s  ta t ~ !  
ach ieved  and e : < i s t i n g c a p o b i l i t i c s  o r  s i t u a t i o n .  Assuming t h a t  
g o a l s  a r c  e x t e r n a l l y  d o f i n e d  by p o l i c y  mokcrs  o r  t o p  nancccna~y t ,  
we s h o u l d  c o n c c n t r a t c  on d e t e r m i n a n t s  o f  t e c h n o l o g y  s t r n t c c y  
r e s u l t i n g  f rcrn chc c a p a b i l i t i e s  otld ~ i t u a t l c n  0.7 t h o  orgon.i.zrsticn, 
f i r m  o r  n a t i o n s 1  i n d u s t r y  as n v!holc. Sone k i n d  o f  c l a s o i ! ' l c o ' - . i o n  
o f  . s i t u a t i o n s  I ~ o c o n o s  necesgnry .  
\',hen t h e  n o t i o n a l  s c a l e  is c o n s i d e r e d  and sonc  s o l o c t i . o n  s f  
a l t e r n a t i v e s  f o r  d e v e l o p n c n t  hos t o  be dono, n s i m i l a r  t?.pc o f  
p rob lem appoers.  F o r  s o l v i n g  t h i s  p rob lem,  I,, I ' i n ~  hos rei:~::?~: 
p roposod on approach  cvhich s t o r r - c d  f rom t h e  c o a r s o  c l n s s i : ~ _ : . c s -  
t i o n  o f  s i t u a t i o n s  [ 9 ]  Ho has c l n o s i P i c d  countries nccar :+- i : ;~  
t o  t h e i r  n a t u r a l  resources and f o o d  s i t u a t i . o n  vz rsL!s t l i c i : .  OCO- 
nomic, f i n a n c F a l  and t c c h n o l o g i c o l  p o s i t i o n .  8:) u s i n g  t h c s z  .?>a:,? 
k i n d s  o f  d e t e r m i n a n t s  and app!.ying rr:o ex t l - cnc  c s ? i m o t c s  ,/r-jcl:- 
p o o r /  i t  i s  e?sy  t o  a r r i v e  t o  4 c l . a ~ s c s  /F ig . l / .  
--..-.--r-. . 
~:cononFc ,  f I n a n c i a l  and Tcchnolcgj-c:i l  I - I - -  I 3 
Fig.1 Examplo of c c o r s o  c l e s s i f i c o t i o n  of s i t u a t i o n s  
i n f l c o n c i n g  t h c  s i r o t c g y  [93 
C o n t e n t  of these c l o s s o s  is f o l l o w i n g :  
@ USA, U S S R ,  Canado,  A u o t r a l i o ,  S o u t h  A f r i c n ,  
@ ~ o p o n ,  E o s t  ond :./cst Europo,  
@ OPEC,  C r o ~ l l ,  I r a n ,  S a u d i  A r o b i a ,  
@ most L-ESS Cc\ /c lopcd  C o t ~ n t  rics /L.SC/ 
~ i r n p i i f i c e t i o n  i n  t h i s  approach j.s no: only d ~ c c  t o  i nccc ! . : re to  
d i s t i n c t i o n  cr;d n c a s ~ : r c F  ~p~!.!.cd b u t  a l s o  c i ~ o  to v e r y  linitcd 
anoun t of c t t r i 5u ,ccs  to!:c~; 1,::i.o n c c c ~ ~ f r t  
F o r  ' i c c h ~ ~ ~ o ~ y  Q t  ~ L ~ . ? c Z \ , ~  C C ! - C C ~ ~ C ! ~  a c i m l i n r  cppt 'o~ich eel;;:! 
be a p p l i e d ,  FF n o i c  dcta!.!cd cp~?s!.';':i,ccticn c ?  2:t r i b t t t c s  c h a r a c -  
t e r i z i n g  t h e  s i t u a t i o n  ~f 
'. , 
n a t i o n a l  i n d u s t r y  etc,' !.:o!ilci t-c d c  '! ncf'," . ., @ k t r .  ~ i - ~ s i - ; ~ ,  'i.:;c l l s r  
0--0---.-.- 
2 /  Not ion  " o b j e c t "  is u s c d  i n  i rur ' ihcr r : ~ r i .  o f  r i l ~  ,sL;;'.c;- zi: C: gcfre- 
r a l  one  f o r  orflarliizat l c a s  j r  cscr : i \n i c  s : J s c c . 7 s  s , ?  , ~;c;:;pz;:!,es, 
i n d u s  t r i e s  ,' nec  i c n a l  ccof ica ics  , Col- v:hich ':i.;c t ~ c : ' i i - ~ i ~ * ? y  s t  r a -  
t e g y  i s  f o r m u l a r e d ,  I 
o f  a t r i b u t e s  s h o u l d  c o r r e s p o n d  t o  m a i n  f u c t o r s  / d e t o r m i n a n : - s j  
i n f l u e n c i n g  t h o  s e l e c t i o n  o f  s t r a t e g y .  Theso a t t  r i b u t e s  nay a l s o  h c  
c o n s i d e r e d  as s t a t e  v a r i a b l e s  rrrhich i n  t u r n  a r c  r c s u l c i n g  frol7.r pr-o-  
v i o u s  t e c h n o l o g i c a l  ahangos. Clasn,ify~rn!g t h e s e  f a c t o r s  cnd ~ h e j . r  
subsequent  rneesuremont o r  e s t i m a t i o n  may bocorne a t o o l  " o r  d i s c o -  
v e r i n g  t h e  s i m i l a r i t i c s  among o b j e c t s  and t h e i r  cornp~tibilfi'c;, . Such 
observations c o u l d  l e a d  t o  a n a l y t i c a l  d e t e r m i n a t i o n  o f  s t  r r ~ t c ~ y  f o r  
f u r t h e r  development .  
F i r s t  s t e p  on t h i s  way may bo l i m i t e d  t o  c o n s i d e r o t i o n  c f  a N r i -  
b u t e s  c h a r a c t e r i z i n g  t h e  s i t u a t i o n  o f  o b j o c t s  w h i c h  a r c  operating 
i n  one domain o f  t e c h n o l o g y ,  s o  t h a t  i t  i s  p o s s i b l c  t o  i n t r c d u o c  a n  
a p p r o x i m a t e  compar i son  o f  t h e i r  r e l a t i v c  s i t u a t i o n s .  
I n  t a b l e  I main  groups  o f  a t t r i b u t e s  a r o  l i s t e d  w i t h  d i s t i n -  
c t i o n  o f  two c a t e g o r i e s :  p o l i c y  i ndependen t  and d e p e n d e ~ t  f o c t o r s .  
F i r s t  c a t e g o r y  i s  moro s t a b l e  w h i l e  t h e  socond one s h o u l d  be e s t i -  
mated b o t h  f o r  p r e s e n t  and f u t u r c  c o n d i t i o n s ,  
i o b l o  I. 
Raw m a t e r i a l s  - 
m i n e r a l s  
o t h e r  n a t u r a l  r c s .  
l a n d ,  e t c .  
Energy 
E n v i r o n m e n t a l  c o n d i t i o n s  
c l i m a t e  
w a t e r  
s o i i  
geogrephy,e tc .  
+ 
Manpower /human r e s  ./ 
demographic  d a t a  
G r o u p  o f  a f t  r i b u t e s  X k  
/ p o l i c y  i ndependen t  / 
Others  
Groups o f  a t t r i . b u ? c s  '' 
/ p o l i c y  dcpcnden t /  " 1 
I Economic and f i n a n c i ~ l  po:: i t ion 
1 I n t e l l c c t u o l  potential i 
_1__-1__- 
i 
1 s c i e n t i f i c  s t a f f  Li I i ~ i o r m o t i o n ~ s y s t c m s  e t c .  1 
pa t c r : t s ,  t,r!o,.!-hc\r.~ ,u rc .  
E d u c a t i o n a l  c n d  c z l r u r o l  l c v @ l  'I I 1 Tcchnolog!.cc7]. i n t r ; ? s r ? ~ ! c t  L I ~ C  . . ':I 
Manaric r i a l  c:.:;?e r i c n c c  
I I 
S o c i a l  s t r v c t ~ ~ r e  i 1 
Marked needs / o r  acccss  t o  t h e  't 
I m a I- 1.: e t ,/ r' ! 
m a r k e t  s i z e  i 
- - - - - - - - . - - - - - - -  
3 
I 
O t h e r s  1 
j 
i 
i 1 
1 
Each  o f  t hcsc  groups c o n t a i n s  a s e t  o f  po ramctc rs  :>r czar,!!:;; 3 
which shou ld  be f u r t h e r  analyzed. I n  case o f  a s i n p i i f i o d  opp:-a~; . : i  
one can use q u a l i t a t i v e  es t ima tes  and comparisons o f  situations 
/e.g. i n t r o d u c i n g  trvo - o r  t h r o e  - l e v c l c ,  such ns : lc r .~-aczdiu in-hi<. !~~ 
e t c  ./. C o n f i g u r a t i o n  o f  such c s t i m a t o s  indica:cs t h c  capabi? . i :y  ;:r 
need f o r  sono typc o f  s t r o t c g y  / cog .  S1, S2 ... / i n  casc oi i ; i v c n  
o b j o c t .  Such q u a l i t a f i v a  r e p r e s e n t a t i o n  o n a b l c s  an spp~o;<!..natc Iccn-3 
l i z a t i o n  o f  t h e  o b j e c t  i n  sono class / s j . n i l a r  t o  t h a t  ~ h c ~ r : ! i  b ; ~  
A.King/. 
F u r t h e r .  s t u d i e s  a r e  r o q u i r c d  on a p p r o p r i a t e  c o l c c t i o n  o f  ?,i.;o 
/abso lu te  and r o l a t i v o  meosurcs/ and 'ret,at ionshi: !6 f nr. 2 2 t n , - a i n i n c  
TS when s i t u a t i o n  i s  i d c n t i f i c d ,  
Somc a t  tempt t o  f o r m a l  seotcment o f  t h c  p r o S l . 3 ~  cot-~ccrnf.t.o . , ::he 
d e f i n i t i o n  and c l a s s i f i c a t i o n  o f  t h c  o b j o c t " s  s i r l ~ n t i u n  o:7cl"st r o r e g y  
i s  shown  dolor^. . 
Let  us donate  K - t he  c l a s s  of  o b j e c t s  ~ ~ n d s r  c o n s i d c r o t i o n  nnd 
Kn - t h e  n - t h  o b j e c t  belonging t o  t h i s  b e i n g  c h o r n c i c r i z c d  by 
an o rdorod  p a i r  o f  v c c t o r s .  ( X  , 
coo rd ina tes  of  which rep resen t  thc a t t  r i b ~ l r c o  o f  t h i s  O ! > ~ C C ~ ,  
Coord ina tes  o f  thesc  v .ec tors  be long  t o  2 dFS fo rco ;  cntc?cci-5.ec, .-, o-? 
a t t r i b u t e s .  T l i i s  Fact  nay bc r cp rcscn te t l  n s :  
L e t  us d c f i n e  a f u n c t i o n  f b y  t he  foZlc:.~-L,?c~ Forr?~!.?.;i: 
\ doc; .or sn t , . . c . : . -  if att r ibc~rc !  ,..
r? F 
!- 1 t h e  cond:i. t !.on \? * 
n i  
C f o r  r = l ,  i = 1 , 2  .... kn and f o r  r = 2 ,  i= 1 , ~  In. 
By i n t r o d u c i n g  t h o  f u n c t i o n  f  vto can d c o c r i b o  on ob,;cct I: E i<  
' I  
by an o r d e r e d  p a i r  o f  v e c t o r s  
and 
" (kn)  ^ (ln) 
X n ; z  
Among o b j e c t s  b e l o n g i n g  t o  c l a s s  K we c-an d i s t i n g u i s h  4 s p e c i f i c  
o b j e c t s  K g  , Kp . I<  . K T  w h i c h  a r c  dofinod i n  t h o  f o l l o r ! i n s  
way : 
where t h e  a t t r i b u t e  Xdi (2 1 doco n o t  s a t i s f y  t h e  c o n d i t i o n  i'Jh -, 
I = 1.2. ...... k, . v i h i l e  t h e  a t t r i b u t e  ~ ( 2 '  s a t i s f i e s  t h e  
c( 1 
(2 c o n d i t i o n  W . . i =  1.2, , . . . . . 
d 1 ld  
(1) where t h e  a t t r i b u t e  Xpi s a t i s f i e s  c o n d i t i o n  (I) , i = l , 2 # : g r k t :  
id  
(2 1 and t h e  a t t r i b u t e  X ( 2 '  s a t i s f i e s  c o n d i t i o n  W . . i= 1.2 ..... /' /1' 1.1 
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(1) 1.- ! where t h e  a t t r i b u t e  x . s a t i s f i e s  t h e  c o c d i i i - ~ n  yd :A> 41 ( 2  1 8-l 
i = 1 , 2  . . . . .  , k 8  , w h i l e  t h e  a i t r i b u t e  X 6 i  does 
(2 1 I n o t s a t i s f y t h e c o n d i t i o n W  i = 1 , 2 ,  ..... bi 8 Id- 
One can e a s i l y  observe t h a t  v e c t o r s  c h a r a c t e r i z i n g  the o b j e c t s  
Kd .a3 K p  8 Kr end K b  have t h e  form adequate ly :  
Ob jec t s  K d  , I</ , K 8  , K c  a r e  t h e n  r e p r e s e n t i n g  thc  extrome 
cases f o r  wh ich  we may d e f i n e  co r respond ing  oxtreme s t r a t e g i e s .  
Lfi/e denote r e p r e s e n t a t i o n  on c l a s s  I<: 
which  i n d i c a t e s  a  s t  r o t e g y  s  E S f o r  each o b j e c t -  k 6 K o r  
F ( K) = S , so  t h a t  we o b t a i n  t h e  f o l l o w i n g  cor respondence:  
f o r  Kd s t r a t e g y  S d ,  F ( % ) =  S@ and f o r K  P ,  K i b  , 
s t r a t e g i e s  S l  , S b  , S F  a d e q u a t e l y *  
Conc lus ions : 
I t  i s  p o s s i b l e  t o  d i s t i n g u i s h  s e v e r a l  t ypes  o f  techno logy  s t  r a t e -  
g i e s  wh ich  a r e  a p p l i e d  i n  t h e  p r a c t i c e  o f  e n t e r p r i s e s ,  c o r p o r a t i o n s  
and n a t i o n a l  i n d u s t r i e s . .  Some c h a r a c t e r i s  t i c s  o f  these s t ra :cg ies  
a re  g i v e n  i n  t h e  paper. There i s  o need f o r  a n a l y t i c a l  clpproach 
and i n d i c a t i o n s  f o r  an improved t echn ique  o f  f o r m u l a t i n g  end  seloc- 
t i o n  o f  a p p r o p r i a t e  s t r a t e g y .  I t  i s  suggcs tcd  t o  s t r u c t u r e  t h o  p r o -  
blem o f  TS f o r m u l a t i n g  on b a s i s  o f  a c l a s s i f i e d  l i s t  o f  m a i n  fac -  
t o r s  d e t e r m i n i n g  t h e  s i t u a t i o n  o f  t h e  o b j e c t  / e n t e r p r i s e ,  corpo-  
r a t i o n ,  s t a t e /  f rorn the  s t a n d p o i n t  o f  i t s  r e l a t i v e  c o p a b i l i e y ,  
P r e l i m i n a r y  c l e s s i f  i c a t i o n  o f  such attributes has bccn shewn here.  
Hoctever, i t  r e q u i r e s  f u r t h e r  a l a b o r o t i o n .  I t  soems rcasonob!.e t o  
o r i e n t a t e  f u r t h e r  s t u d i e s  o f  t h i s  t o p i c  towards cstob1ishr ; lcxt  o f  
p o s s i b l y  g e n e r a l  s e t  o f  d imensions wh ich  c o u l d  s e n t o  as o common 
framework f o r  d e t e r m i n i n g  t h e  adequate t echno logy  s t r a t e g i e s  a t  
v a r i o u s  l e v e l s  o f  management. An a t t emp t  t o  f o r m a l  statcmcr;? o f  
t ho  problem /which i s  a l s o  shovrn abovo c o u l d  perhaps f a c i l i t a t e  
i t s  more p r e c i s e  s t r u c t u r i n g .  
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THE ACCEPTANCE C R I S I S  OF RESEARCH POLICY: 
DOES THE: SCIENCE COURT PROVIDE A SOLUTION? 
M e i n h o l f  D i e r k e s * ,  V o l k e r  von T h i e n e n *  
1.' POIIJT O F  DEPARTLIRE : T i l E  ACCEPTANCE C R I S I S  O F  TECHNOLOGICAL POLICY 
As L i t t l e  J S  t e n  vearr. ,290 p u b l i c  r e s e a r c h  and t e c h n o l o g y  p o l i c y  was n o t  
a  t o p i c  ca,lcul,?tc;? t o  zpark o f f  p a r t y  p o l i t i c a l  Jnd i d e o l o g i c a l  d i s c u s s i o n .  
From a lmost  onc end of' t h e  p o l i t i c a l  spectrum t o  t h e  o t h e r  t h e r e  was 
g e n e r a l  aqrccmcnt t h a t  t h e  F e d e r a l  Repub l i c  must c l o s e  t h e  t e c h n o l o g i c a l  
g ~ p  t h a t  c x i s t c d  by  con ;~a r i son  w i t h  o t h e r  i n d u s t r i a l  na t i ons ,  p a r t i c u l a r l y  
t h e  U n i t c d  S t a t t s  and t h d t  t h e  s t a t e  must t h e r c f o r c  c r e a t e  t h e  s t r u c t u r a l  
and e c o c ~ o ! ~ ~ i c  p r * e r ~ q u i r . i t c s  f o r  t h i s  s c i e n t i f i c  a:ld t e c h n i c a l  Leeway t o  be 
madc up ;1s s w i f t : y  '1s p o s s i b l e .  
Researc t~  2nd t c c l : ! ~ o l o ? y  p o l i c y  encoun te red  i t s  f i r s t  c r i s i s  amid t h e  
d i s c u s s i o n  about t h e  c , u . ? l i t y  o f  l i f c  and s o c i a l  i n d i c a t o r s  i n  t h e  e a r l y  
sevcn t i cs ,  when i t  N R S  confronted u i t h  t h c  q u e s t i n n  o f  how i t s  aims and 
p l a n s  f i t t e d  i n  ~ i t h  J bro:id r . lnge o f  g o a l s  a f f e c t i n g  s o c i e t y  as a whole 
Jnd hok b o t h  r n i ~ ~ : ~ t  p c r i i  11)s be ! ? c t t c r  coord inated.  T h i s  injection of  cnn- 
t r o v c r s y  i n t o  t h c  t o p i c  a f  r c ~ ( ? i i r c I ~  p r ' o n ~ t i o n ,  which had u n t i l  t h e n  been 
supported by a I ~ r o a J  co:lr;crisu,, w,75 ' t l ~ c  p o i n t  o f  d e p a r t u r e  o f  a wor ld-wide 
d i s c u s r i o : i  on i.p:iccpt:: ;~r l t l  i n s t i t u t i y r y : :  f o r  t h c  s o c i a l  e v a l u a t i o n  o f  new 
t e c h n o l o g i e s  (Tes l~no1c~r :~ 'asscs~rnen t )  .
The o c c l a r c d  ail.: p . ! f  t t l ; lZc c n i l c . ~ v o u r s  wns " t o  under tC lke  as i n t c g r j t c d  and 
systcm.2t i c  12s ~ c ' : T J ~  t71c ,111 asse.;slncnt ,qnd f o r e c a s t  o f  t h e  c s s c n t  i a l  
(po:i t  i v e  and nc.1 ~ t i v c ,  ~ j i r e c t  and i n d i r c c t  e f f e c t s  on t h e  c e n t r a l  a reas  
o f  (I s o c i e t y  (cco~iorny, cnvironnrent, i n s t i t u t i o n s ,  t h e  g e n e r a l  p u b i i  c, 2 
s p e c i a l  ' g roups )  wir ich t?ccur when a  t e c h n o l o g y  i s  i n t r o d u c e d  o r  c h ~ n g e d "  . 
An a t t c r ~ t  was t o  be u ,tic 3s e a r l y  as  t h e  development s tage  o f  c e n t r a l  
t e c h n o l o ~ i c a t  rc.;carch processes t o  t a k e  i n t o  account  as  h i g h  a  p r o p o r t i o n  
o f  s o c i ~ l  aims a; p o ~ s i b l c  by r:cans o f  continl;ous e v a l u a t i o n  and, where 
n e g t l t i v c  e f f e c t : ;  n c r c  ::o be expec ted  i n  t h e  v iew o f  d i f f e r e n t  a f f c c t e d  
grcups, t o  min ia : izc  t l 1 i . z ~  by as f a r r e a c h i n g  a  m o d i f i c a t i o n '  as p o s s i b l e  o f  
t h e  tec i i r lo loqy  i r l  clue:;: ion. 
* I n t e r n a t i o n a l  I n s t i t u t e  fo r  E n v i r o n m e n t  and Society, B e r l i n ,  FRG 
-40- 
A t  t h e  sane t i m e  ~3n e f f o r t  was made by those  d r a f t i n g  p u b l i c  r e s e a r c h  and 
techno logy  p o l i c y  t o  deve lop  s o c i a l l y  r e l e v a n t  c r i t e r i a  and l i s t s  o f  
o b j e c t i v e s  t o  be used as g u i d e l i n e s  i n  t h e  g e n c r a l  p a r t i e s  o f  t e c h n o l o g y  
p r o a o t i o n .  The sit: was no longer  t o  s imp ly  c l o s e  t n e  t e c h n o l o g y  gap, b u t  
t o  subord in :~ te  s c i e n t i f i c  and t c c h n o l c q i  c a l  p r c g r e s s ,  a s  a resource,  t o  
t h e  overs11 aim c i  s o c i s 1  p rog rezs .  Cle rnicjht c i t e  h e r e  - i n  p l a c e  o f  many 
o t h e r  concepts  - t h e  p r  i n c i p l e s  f o r  promot i n 9  i nd i r s t  r i a l  r e s e a r c h  drawn 
up b y  t i l e  F c d c r s > l  b l i n i s t r y  f o r  i i csc t j r ch  and Technology 3.  
Look ing  bdck f r o c  our  present -day vantage-po in t ,  b o t h  s t r a t e g i e s  :nust be 
regarded as n o t  I l S 4 v i n g  ach ieved much sc~cce~ss - d e s p i t e  t h e  i n t e n s e  e f f o r t s  
made. T h i s  a p p l i e s  b o t h  t o  t h e  a l i gnmen t  o f  t e c h n o l o g y  p r o m o t i o n  i t s e l f  
on t h e  brcr,)~l ran!Je o f  s o c i a l  aims ref'c?rrecl t o  under t h e  s logan  t h e  " q u a l i t y  
o f  L i f e "  and t o  t h e  development o f  e f t e c t i v e  c o n t r o l  mechanisms t o  ensure  
th:it thcsc  p r o m o t i o n  c r i t e r i a  werc obscrvzd. Furthermore,  t h e r e  w ~ s  i n  
many cascs ,: f ~ i l . : t r e  t o  make c l e a r  t o  t h e  i n c r e a s i n g  number o f  c i t i z e n s  
c r i t i c a l  o f  ~ f f i r i ~ l l  r e s e a r c h  and techno logy  p o l i c y  t h a t  t h e r e  h ~ d  been 
a  reor ier l t :~: .  i o n  :,!ittlin t h a t  p o l i c y .  T h i s  must be at t r ibuted,  s u b s t , ~ n t i a l l y ,  
t o  t h e  f , ~ c t  :hat ~ ~ i i i l e  t echno logy  assessment i n s t i t u t i o n s  were i n t e n s i v e l y  
d i  scusscd i r l  t h e  Fcder$3l  Repub l ic ,  as i n  m3ny o t h e r  c o u n t r i e s ,  few were 
eve r  se t  tar? . ~ n d  r:i~?t'e t h e y  werc - as i n  t h c  c;.~sc nf t h e  O f f i c e  f o r  Techno- 
l o g y  Asscsc!.:ent <!.'-LA) - t h e  necessa ry  p u b l i c  cr;)ost lrc and t h e  expected 
p o l i t i c , ~ l  c f  f c c t  ..!ere t(7cking. Nor d i d  t h e  nei i  l . i : ; t s  o f  o b j e c t i v e s  and 
c r i t e r i , - I  f o r  r e s r . l r c h  ~ r o n o t i o n  b r i n g  about a b a ~ i c  change i n  p o l i c y  : 
t h e  LClrgc-,r.c.,tle r>r .o jects a l r e a d y  promoted (enerqy ,  t r a n s p o r t ,  d a t ~  proces-  
s i n q )  rcs i , i i r icd tl~!? p r  i!iie t ~ l r q e t s  f o r  p u b l i c  suppotst. 
Thc cen:r,ll problfsm o f  t h i s  f i r s t  c r i s i s ,  t h e  q u e s t i o n  o f  whether t h e  q o a l s  
c , c t  > h y  prc~~!c.:.ing r - p c c i i i c  technolo:7 ies at-e a lso,  i n  t h e  main, s o c i a l l y  
desir.:l. 1.c ; ~ r i ( l  w/rt-:llr:r ;I Sroad consc7nslts c m  be a c h i c v c d  r e q a r d i n g  such 
goal:, w,ls t t lus I>?, no :nc;lns so lvcd.  R,l ther, i t  har  s h i f t e d  more and more 
t o  t t l c  cc? r - l f l i c t  oiler t i l e  c o n c r e t e  ; ~ ~ , p l i c , l t i o n  o f  t hese  techno log ies ,  as  . 
t h e  rx:~!:lplc r ~ f  t ! ; , .  p c ; ~ c t i f u l  use o f  r ~ u c l e a r  energy  demonst ra tes  a lmost  d a i l y .  
Thi; rwit c : t r ; n f l  0: t h c  r : l n f l i c t  eve r  idcn3s a s  t o  I:nl,r ou r  s o c i e t y  shou ld  bc  
o r ~ , ~ n i , ? e r !  i!; t i l e  , vl i i i r . :  .~ncl l o n g  t c r m  - f c r  t h e  c c n t  r o v e r s i c s  o v e r  r e s e a r c h  
p o l i c y  ;li~,i:: ,>re 11.ttili1-I:: i ? 1 ~ ?  i n  v iew o f  t h e  Long-tr?rm i n v e s t n ~ e n t  character 
o f  rcsearcr !  ! r ~ d  t i r ~ v c ~ l r ~ r i ~ n c t ~ t  - t o  t l ~ c  l e v e l  o f  c o n c r c t c  u t i l i z a t i o n  o f  
tcchnr, lor j ip- .  i s  r iot till: 1c.1st o f  t i l e  f a c t o r s  wh ich  h , ~ v e  n ~ t r t c r r e d  t h e  b i r t h  
, . 
o f  ..I :crcorld ( : r~s l : ; ,  t t ~ c  ~ i ~ i ) ; t a n c c  o f  which i s  n o t  o n l y  doubt about  t h e  
g o a l s  o f  rc - .c : l rc I i  p o l i c y ,  bu t  i n  equa l  measurc dotri,t about t h e  e f f i c i e n c y  
o f  tll(: d c c i  : iori-18, : k i n g  t )o ( l i cs  coricern?d !~ i  t h  t h e  p r n b l c n  o f  rese. l rch  
prc ;not ion  ?I, ~; I I - ! . i ; rm! 'n t ,  government departments ant1 : :pccia l  s e c t o r s  o f  t h e  
etonc::iy. Tht cr i : ; i * ;  conce rn ing  aims has i n c r e a s i n f l l y  tsecoe~e a c r i s i s  
conccrnir;q i ! l : t i t : r t  ion;. 
There a r e  v a r i o u s  r e ~ s o n s  f o r  t h i s  : 
- Al thouqh  such b a s i s  and v i t a l  q u e s t i o n s  as e r c r q y  gr'owth and t h e  q u a l i t y  
o f  t h e  environment have aroused g r e a t  i n t e r e s t  on t h e  p a r t  o f  t h e  g e n e r a l  
p u b l i c  and t i l e  mass media, t h e y  o r e  not: b e i n g  d i s c u s s e d  i n  p a r l i a m e n t  
i n  s u f f i c i e n t  d e t ; ! i l  and i n  s u f f i c i e n t  b r e a d t h  t o  secure  a we l l f ounded  
f o r n ~ l ~ ~ t  icrn o f  i n t c n t  snd consensu.;. .Par t  l y  bod ies  a d m i t t e d l y  o f t e n  d e a l  
i n t e n s i v e l y  \!itti t h e  prob lems i n  q ~ ~ e s t i o n ,  b u t  t h e  f a c t  t h a t  t h e  a p p l i c a -  
t i o n  o f  new t e c n ~ o l o g i e s  i s  becorninq. more and rr,ore a  m a t t e r  of p o l i t i c a l  
c o n t r o v e r s y  . I L L  t c n  o f t c n  p r e v e n t s  t h e  m ~ n - i n - t h e - s t r e e t  f rom r e c o r j n i z i n g  
h i s  o b j c c t i v c s  in ; ) o l i c y  s ta temen ts  ; f u r t h e r m o r e  i n t c r n a l  p a r t y  d i s c i ~ s s i o n  
o f  t h i s  s u b j c c t  appears  t o  have i i t t l e  i n f . l uence  on t h e  uo rk  o f  p a r l i a m e n t .  
- B o t h  those  ui:a p r o v i d e  suhs, id ics  ;1rvi :hose who r e c e i v e  them r a r e l y  succeed ' 
i n  f i n d i n g  ;t comrncw Lanc;r.~age w i t h  tl.~ct?e !.~ho re oper i l y  s c e p t i c a l o f  
p u b l i c  suppor-t . fo r  s c i e n t ; f i c  cn l l  t e c h n i c a l  i n n o v a t i o n s  i n .  a number o f  
f i e l d s .  Even t l ioctqh t h e  rcc-pcnr; ih i ! i t : f  f o r  t hese  f a i l u r e s  i n  communicat ion 
c;ln b y  no Inc:..;n-, bc imputed t o  onc r:ide r?nly, i t  i s  n e v e r t h e l e s s  s u r p r i s i n g  
how l i t t  l~ ~ i l o r t  i s  rnadc by : I iose groups interested i n  d e v e l o p i n g  a  
sub;i,.iizcd l?r.oje/;t t o  s c c y r c  bro.t~lly-based L e g i t i m a t i o n  o f  t h e i r  p o l - i c y .  
Idllcn oppor; i t . ion t c  t h e  i n t r o d t l c t i o l ?  o f  nc1.i t c c h n o l o g i e s  i s  a i r i l y  a t t r i -  
h u t c d  i n  t IIC " r ~ i  !\cay syndrome", '3 ,?cricra 1  fcl;lr o f  new t e c h n o l o g i c a l  deve- 
looments, t:. j r l c t i f y  t t l c  r i g o r o t r s  p r i r s u i t  o f  ;I s p e c i f i c  p o l i c y ,  t h i s  
m,ly - t ~ y  tlr:, #-#Ir.!e tokcn  - a11 t o o  c i l s i l y  r ; u r t i l r e  i n  t h e  minds o f  c r i t i c a l  
c i t i z e n s  t I ~ i +  :usp ic ion  t h a t  a s p p c i f i c  d c c i s i o r i  c n  t e c h n o l o g i c a l  p o l i c y  
was nol: i n  i ~ c t  r r ~ i > t i v a t c d  exclusively i ~ y  o b j e c t i v e  reasons l i k e l y  t o  
pr0:rlote a ci':I';enSui. 
- In  ,I ~ i d c l ~ - . , r ) t c ( 1  ort i r  l c  I l l  r i c h  I -ckn~or r e c c n t  l y  p o i n t e d  o u t  f  u r t h c r  
reason; f o r  ;lie c r i s i s  o f  t h e  i n r . t i t u t i o n s  coricerrlctl w i t h  q i t es t i ons  o f  
;~ron:ctir:l] rc.-,-;!rci, ,qnrl ; ~ r ~ ~ ~ L y i n q  t c r t i n i c a l  knowlcdqe '*. Lohniar c o r n p t ~ i n e d  
t h s l t  t l rc r icr  i * r  inr~-::i.~li illi> s t  r u c t  crr c s  i n  t l l c  ccnpe ten t  qovernment d e p a r t -  
ricr7rs .r;ld .: ,,,iri i i r n c r l i , ~ r y  l c \ ~ c t  ;:?re insufficiently ge, l rcd t o  s c i e n t i f i c ,  
I !  ~ r ~ t i  r zorrnmjc r e i l ! ~ i r c r n c r l t r  711d o n p o r t u n i t  i cs .  Furthermore, p i r b l i  c 
o . l r ! ~ : ~ i n i : , t r i i t  i .;I: i r o c ; i ~ s  :1:1r1 r c c i p i  :,11t.r. o f  subsidies o f t c n  sh:ired t h e  same 
i : i t c r - - !  i t !  : s l ~ : . : : t t i r i q  51-11-i. i f i c p r ~ . j ? c t  c , c v c n  whcrr  t l l c s c  113~1 p r o v r n  
ur lp rc :  i t.lt.1, o r  !;tt:copt ~ / > L c  o f  rc~p1,~ccrnent by ,>L;crn;it ive t c c h n o l o o i e s .  
On t t ~ r  pt11c.r Il.inci, t l t c  !:i:)i~i r c J s o n  irhy p . l r l i , i l ncn t  w . 1 ~  un;iblc t o  pcr- form 
it,; cs.lrrcbct. ; :c f~l :- , l : t  i o r i  r.1~; hecat~sc? i t s  nlernbers 1,ickcd t t ~ c  e x p e r t  know- 
ledqc 1ri1.j t11.- t i m !  t o  r.ocic t o  g r i p s  w i t h  ;I d i . f f i c u l t  scientific s u b j c c t .  
Licsidl::.,, . I  ;, .,,:,tc?r o i  1 1  171 i ~ r n c n t  ~..~ho conccrnr-..cl I ~ i ~ s c l f  i n t i  r ~ s  i v e l y  l;i t h  
q~~c:.ti!.~rr. p i  rt :rc ~ r k h  I;L,lnninq ;r;d p r c q o t i o n  :~;ls 17,l:siriq UP t h e  ch- rice 
o f  ,i r ~ . r r l i  i r ~ . l . ) r ! t ,~ ry  c . 3 r c ' r r  S U C I ~  as, f o r  ex,lrnp LC, domcst i c and econorni c 
p o l i  c y  of i~!r..,cJ. 
A p . ) r t  trot; t 1 ; : ;  1.1ck o f  g ~ r l i a m c n t ~ ~ r y  c o n t r o l ,  I-oi~nl i tr  s ~ i w  as ano the r  
r c . i s o r ~  f a r  t ' i c  i n ; ! ! l i . c ~ ~ ~ ~ ~ r . y  o f  r c s c a r s h  ;~n(.l t e i t l n t ~ l o g y  o o l i c y  t h c  f ; ~ c t  
t h  i t  ;;cir?nt i i i c r ~ r n n o t  inti ;)rogr81ni;nC; i i c r e  n c t  dcvc lopcc~  unt  i 1  cons i d e r a -  
t ir:rl:; o f  p r c i  i t ~ b i  L i t y  n r c v c n t e d  i n d u s t r y  iron1 t ~ k  in!] ~ c t  i o n i t s c l  f .  
~ ~ O \ J C \ / ! ! T ,  :h.j ; or irlc:ipLt? o f  pub1 i c  s u i ~ s i d i ;  i n n  p o l  i c:, dir-courhqed r e c i -  
p i c n t  -; of sc,ilsidi!:-, f  ro-1 r n ~ ~ k i n g  n - l j o r  c f f o r t s  t o  s e l  1  t l i c i r  r e s e a r c i ~  
p r o d u c t s  and encouraged them t o  p r o v e  t h a t  t h e  s u b s i d i z e d  p r o j e c t  was 
~ n p r o f i t ~ ~ b l e ,  s i n c e  o n l y  t h e n  c o u l d  t h e y  e x p e c t  f u r t h e r  p u b l i c  suppor t .  
I t  does n o t  l ook  as though  p a r l i a m e n t ' s  i n a b i l i t y  t o  f u n c t i o n  i n  t h e  
f i e l d  o f  r e s e a r c h  and t e c h n o l o g y  p o l i c y ,  cis d e s c r i b e d  b y  Lohmar, can b e  
remedied i n  t h e  f o r e s e e a b l e  f u t u r e 5 .  There  i s  n o  s i g n  o f  a  change i n  t h e  
p a r l i a m e n t a r y  c a r e e r  s t r u c t u r e  he ment ions,  n o r  i s  i n - d e p t h  s c i e n t i f i c  
a d v i s i n g  o f  parliament and t h e  re levc in t  p ~ r l i a m e n t a r y  conimi t tee t o  be 
expec ted  : o n l y  two y e a r s  ago t h a t  commi t tee  d e c i d e d  i n  t h e  c o u r s e  o f  
d i s c u s s i o n s  on  J p o s s i b l e  i n s t i t u t i o n a l i z a t i o n  o f  t e c h n o l o g y  assessment 
n o t  t o  s e t  up any a d v i s o r y  i n s t i t u t i o n s  t o  d e a l  w i t h  t h i s  t o p i c .  
Another  reason  i s  t h a t  s o c i a l l v  r e l e v a n t  d e c i s i o n - m a k i n g  p r o c e s s e s  about  
t h e  c o n c r e t e  u t i l i z a t i o n  and i ~ p p l i c a t  i o n  o f  new t e c h n b l o g i e s  a r e  b e i n g ,  
s w i t c h e d  more m d  more f rom t h e  l e g i s l n t i v c ,  e x e c u t i v e  and a d m i n i s t r a t i v e  
L e v e l s  t o  t h e  j u d i c i a r y .  A l t h o u g h  t h i s  t r c n d  i s  by n o  means r e s t r i c t e d  
t o  aspec ts  o f  t e c h n o l o g y  p o l i c y ,  t h e s e  a r e  p a r t i c u l a r l y  a f f e c t e d  because, 
as soon as  t h e  a p p l i c a t i o n  and f u r t h e r  development o f  s c i e n t i f i c  and 
t e c h n i c a l  knowledge irnpinge upon env i ron rncn ta l  ma t te rs ,  t h e y  become a  
f o c a l  p o i n t  o f  p u b l i c  d i s c u s s i o n  and c o n t r o v e r s y .  L i t i g a t i o n  i s  expec ted  
t o  s e t t l e  probl~cms, t h e  s o l u t i o n  o f  wh ich  - bccausc o f  t h e i r  t e c h n i c a l  
c o r p l e x i t y  and t h e i r  s i g n i f i c a n c e  f o r  t h e  env i ronmen t  and f o r  s o c i e t y  - 
r e q u i r e s  < I  h i g h  degree o f  knowledge i n  t h e  f i e l d s  o f  science, t e c h n o l o g y  
and s o c i , ~ l  science, a  requ i remen t  wh ich  i n  t h e  l o a g  r u n  even j udges  w i t h  
a  b road  r . ~ r i g e  o f  knowledge and e x p e r i e n c e  a t  t h e i r  d i s p o s a l  can meet o n l y  
i n ~ ~ e r f e c t l y  and even t h e n  o n l y  a f t e r  d e v o t i n g  a  g r e a t  d e a l  o f  t i m e  t o  t h e  
matter ,  as i s  shown b y  a w e a l t h  o f  - i n  p a r t  - c o n t r a d i c t o r y  d e c i s i o n s  
i n  t h e  p a s t  few mont i~s .  There i s  e v e r y  i n d i c ' q t i o n  t h ~ t  h e r e  w i l l  be an 
i n t e n s i f i c a t i o n  o f  t h i s  p r o c e s s  by  wh ich  p o l i t i c a l  dec i s ion -mak ing  b o d i e s  
a r e  b e i n q  bypassed - i f  n o t  de j u r e  t h e n  de f a c t o  - t h r o u g h  i n c r e a s i n q  
recou rse  t o  a d n i i n i s t r a t i v e  c o t ~ r t s .  I n  t h e  f i n a l  a n s l y s i s  t h i s  t r e n d  i s  
a l s o  t lndcrrn in in, ]  t h e  p a r t  wh ich  p a r l i a m e n t  s h o u l d  p l a y  i n  r e l a t i o n  t o  
f undament ,~ l  quc:;t i o n s  o f  r e s e a r c h  and techno logy .  
I f  we see t t ! i s  tr.-:r.d as an e s s e n t i a l  e lement  o f  t h e  acceptance c r i s i s  o f  
t e c h n o l o g y  ; io l i cy ,  'which h ~ s  p r e ~ d  f rom quest  i o n s  o f  d e t e r m i n i n g  g o a l s  
t o  t h e  i n s t i t u t i o r i s  ~ t ~ i c h  make t h e  d e c i s i o n s  on rcse; i rch p o l i c y ,  and wh ich  
has reacheci :,report i o l Is  wh ich  C;IL 1  f o r  r e - t h i n k i n g  and an ~ c t i v e  sea rch  
f o r  a1 te rn ; l t  ives, t t 1 ~ 1 1  ;Je  re o b l i g e d  t o  ask t h c  f o l l o w i n g  q u e s t i o n s  : 
What can be done t o  improve t h e  e x i s t i n g  d e c i s i o n - m s k i n g  s t r u c t u r e s  so 
as  t o  a c h i e v e  a  b road  consensus i n  t h e  f i e l d  o f  s c i e n t i f i c  and t e c h n o l o g i c a l  
developments ? And : What o t h e r  i n s t i t u t i o n a l  measures must be t a k e n  t o  
s t  i m u l a t e  f u r t h e r  e x p e r t  d i s c u s s i o n  on t h e  advantages and d i  sadvantages, 
i .e .  i n  t h e  f i n a l  s n a l y s i s  t n e  b e n e f i t  t o  s o c i e t y  as a  hole, of  t h e s e  
developments, so <is t o  i n c r e a s e  t h e  L i k e l i h o o d  o f  a c h i e v i n g  a  consensus ? 
T h i s  a r t i c l e  i s  an a t tempt  t o  h e l p  f i n d  such a  ccnsensus by p r e s e n t i n g  a  
number o f  concepts  on which t h e r e  has been l i t t l e  d i s c u s s i o n  so  far ,  
e v a l u a t i n ?  t h e i r  conseaclences and, where neccszary,.  n c r l i f y i n g  them. I t s  
 articular ~ i m  i s  t c  broaden t h e  d i s c l r s ? i o n  nn t h c  c p t  i ~ i 7 . i t i o n  o f  r e s e a r c h  
p o l i c y  d e c i s i o n s  i : ~ y  tIi€ \ ? d d i t i o n  o f  a m~s:Jd., ,  t h e  Scic?ril:? Cocrrt. I t  a l s o  
consic icrs t n c .  q:~c:;t i o n  v f  whether t h e  S c i e ~ l c e  Cour t  i d e ~  - c o n t r a r y  t o  
t h e  i n t e n t i r ) ~ ? s  o ?  i t s  f i r s t  p r o t a g o n i s t s  - n i g h t  n o t  be rnore p r o f i t a b l y  
c ipo l i cd  i n  p r o b l e n ~  are;):: wli'ch a t  Least f o r  t h e  F e d e r a l  Repub l i c  - a r e  of .  
:qre;tcr c.lrq,:ricy f o r .  p o l i t i c s  and scicr:ce, t h a n  t h e  a reas  o f  app l i ' r . s t i on  
f c r  which t : ~ c  mod(:! war, d r a v r ~  up i n  t i l t .  i l n i t e c l  S ta tes .  
Hcwever, b e f o r e  t h e  v a r i o u s  p c s s i b i 1 i t ; e s  a r e  d i s c u s s e d  i n  d e t a i l ,  t h e  
f ~ c t  shou ld  once ar;ain he reco rded  t l ~ s - t  subsequent 'remarks a r e  based on 
t h e  view th.>t,  acccrdi r - , !~ t o  a1 1  t h e  as./. j j  l a h l e  i n f o r m i t  i o n  r e g a r d i n g  p o s s i b l e  
cp t i ons ,  a  r .~~~mt .er  o f  S.s:ic fact:; seen t o  bc c s t a b l i s h c d  a l ready .  IJe r e f e r ,  
i n  p a r t i c u l a r ,  t o  narL i . ;ment 's  Loss o f  f u n c t i c n  and t h e  i n c r e a s i n g  impor- 
t a n c e  o f  cocrrt d e c i  siort:; i n  t h e  assessment o f  t e c h n o l o g i  c a t  developments, 
i n  t t ~ c  L i g h t  o f  their acceptance by  v a r . i o ( ~ s  groups and s e c t o r s  L i k e l y  t o  
be a f f e c t e d .  
2. I 3  Rt~lITALIZfiTIOPI O F  EXISTI?JG I F I S T I T U T I O K S  OR THE S E T T I N G  UP OF NEW ONES 
----.- --.- ----- --- -- 
TtIE i\!jS;WER ? 
in  t53 L. ,5 t  fecr yc:ir5 a  vary i :1g c!egrcr.' o f  a t t e n t i o n  has heen p a i d  t o  t h e  
d - i f f i  c r ~ l t i c c :  whic!,  Are r11r rc : l t  l y  pL;lqil ing. t h e  p o l i t  ice,-scientific a d v i s o r y  
syst?m, r c z c s r c h  ;:11d t e i : ! ~ r ~ o { ~ q ) l  p o i c y  and t h e  s e c t o r a l  ~ p p l i c a t  i o n  c f  
s c i c n i i t i c  :~nd t~~-!\ : i i r ; lL knw.1-how ; t h c  number o f  s o l u t i o n s  suggested has 
5ec.n rclcl:~ti!;,~ i n  pr., . ;r ,crt ior l  t o  t t ~ c  d c y l r ~ c  o f  a t t e n t i o n  pa id .  Thus, d i s c u s s i o n s  
. ? b w t  ir;:!wovc!d irr;!.: 1 r.:rli!ni ~ t i c r ,  o f  s c i c n t i i i  c  i n t o r m a t  i o n  and a n a l y s i s  sys- 
ten:; ir1 t h e  p o l . i t i c a 1  5,-l-13re i ~ l r e ~ d y  have a c e r t a i n  t r a d i t i o n  b e h i n d  them, 
~ h i l c  t t l c  t r , , r l s f c l  : f . t i : . c i s i o ~ - n . 7 k i n q  f rom t h e  p o l i t i c a l  Level  t o  t h e  
j u d i c i a r - y  i,, or~l. ;~ . I :  . : ( 1 0 . 1 ( .  I.y p c n c t  r a t i n g  p u b l i c  awc:renes3.Apclrt f rom those  
p r o p c s i ~ l r ,  \ . l I i ich ;~i:; t..ssr.-)ti.-1l.1.y s t  improvcd i n t e g r a t i o n  o f  t h e  f i n d i n g s  
o f  t 3 e  soi:i.-I! r r ic :  I. i ? t r  i n t o  p o l i t i c a l  d e c i s i o n s ,  t h c r c  ;Ire t h r e e  models 
: .~ l l i ch  l,rt;si.;.-s ;: :.;. . :." I , t . c t  !\:c ; i a i s o n  bet;dcen s c i e n c e  p o l i c y  a d v i s i n g  and 
r i l e  d e c i  r;i;..r::; m,-16:- ).#I) r.,. .:cri!.cti p o l i c y  w i t h  a vie1.r t o  overcomirig t h e  d i f f  i- 
c u l t  i e ;  c i  t ? . !  a>ij:!i% : 
- J more n;rr;:cd i r l ! ~ ~ l v c r i . : - n t  o f  t h e  p r o p o s i t i o n s  o f  independent e x p e r t s  i n  
r e s e a r c h  p o l i c y  : ! c c i s i r n - r n ~ k i n q  (Roya l  Cornmi s s i o n  model) ; 
- 3 rev i tL31 i ; ;~ t io l r  4,-f p ; ~ ~ - L i a n c ~ l t ' s  dec is ion- rndk ing and c o n t r o l  f u n c t i o n s  
( 5 c i e n t i s : , . '  P;lr;i..)m:!'.t) ; 
- r;i: '>~iaLi;:;t i ~ 1 1  r ; :  ~ n r j  , j change i n  t h e  f u n c t i o n  o f  t h o c c  s e c t o r s  o f  t h e  
l e q ~ t  ~po . - i : - .~ tus  171 i;kich, i n c r e a s i n g l y ,  d c c i s i o n t :  ~ r c  bc'ina madc about 
:!le ; ~ p p L i  c : ~ :  iol: : y r  ~ - ~ o n - z p p l  i c s t  i o n  o f  t e c h r ? o l o q ~ c . 1 1  d~\ / t? l t>pments .  
The f o l l o w i n g  s e c t i o n  descr ibes  and discusses each o f  these t%ree-ndi&@ 
i n  t h e  1 i g  h t  o f  t h e  abovement ioned quest ions. 
2.1. The Roy(31 Commission model : d i f f i c u l t  t o  t r a n s f e r  
The Royal Commission modeb developed i n  B r i t a i n  a t tempts t o  improve 
t r a d i t i o n a l  forms o f  c o n s u l t a t i c n  by s e t t i n g  q~ independent bodies 
of  s c i e l l t i s t s ,  w i t h  commissions appointed by t h e  government p r o v i d i n g  
exper t  cp in ions  on s p e c i f i c  quest ions and problems o f  s e c t o r a l  and 
research p o l i c y .  The idea i s  t h a t  t h e  r e p u t a t i o n  o f  t h e  s c i e n t i s t s  
formirig these  commissions and t h e i r  p o l i t i c a l  independence w i l l  
guarantl?c t he  b i n d i n g  charac te r  o f  t h e i r  op in ions  f o r  t h e  p o l i t i c a l  
decision-makers, a l though t h e r e  i s  no l e g a l  foundat ion  f o r  t h i s .  
I d e a l  ly,. government, cppos i t  i o n  and t h e  genera l  p u b l i c  would use t h e  
exper t  ap in ions  p rov ided  by these commissions as a j o i n t  b a s i s  f o r  
d iscuss ion.  + 
Althoc~ql l  t h i s  model appears t o  be an a t t r a c t i v e  s o l u t i o n  t o  t h e  
abovemcntioned problems, above a11 because o f  i t s  o r g a n i z a t i o n a l  
s i m p l i c i t y  and p r a c t i c a b i l i t y ,  i t  must he recognized t h a t  i t s  e f f e c t -  
iveness d c r i v e s  e s s e n t i a l l y  from Long-estabt ished B r i t i s h  p a t t e r n s  
o f  t h o u l ~ h t  and act ion.  Research p o l i c y  dec is ions,  no mat te r  how t h e  
Commission i s  made up, set  p o l i t i c a l  s ignpos ts  f o r  which p o l i t i c a l  
t o l e r s r i ce  - whether achieved i d e o l o g i c a l l y  o r  t r a d i t i o n a l l y  - can be 
expected i n  very  few cases. Furthermore, t h e r e  i s  no reason t o  expect 
t he  sec t ions  o f  p o p u l a t i o n  concerned s imp ly  t o  accept and endorse t he  
. s c i e n t i f i c  statements o f  such bodies, as t h e  con t rove rs i es  o f  t h e  l a s t  
fcw years, p a r t  i c u l a r t y  i n  t h e  f i e l d '  o f  energy p o l i c y  have shoun. 
Indeed, i t  i s  f a r  more l i k e l y  t h a t  t h e  op in ions  expressed by  such a 
body, even were i t  made up o f  t h e  most ou t s tand ing  r e p r e s e n t a t i v e s  o f  
.a Large nllmber o f  s c i e n t i f i c  d i s c i p l i n e s ,  would, i n  t h e  fimt a n a l y s i s  
be as s ~ r h j e c t  t o  doubt a s  exper t  op in ions  i n  genera l  o r  t h e  m u l t i p l i -  
c i t y  o f  recomlc:nd;ltions by i n d i v i d u a l  groups o f  s c i e n t i s t s  f o r  o r  
against  variocls t e c h n i c a l  developments and t h e i r  app l i ca t i on .  The 
Royal C o ~ n i s s i o n  ~ ~ o d e l  depends f o r  i t s  e f f e c t i v e n e s s  on an i n fo rma l  
~ u t h o r i y y  which ha; dsveloped o r g a n i c a l l y  i n  B r i t a i n .  If an attempt 
were nadr t o  -111pLy t h i s  concept t o  German a f f a i r s ,  i t  uou ld  be l i k e l y  
t o  come t o  g r i e f  n o t  on l y  because o f  t h e  p u r e l y  c o n s u l t a t i v e  and non- 
execut i v c  n a t u r e  o f  such a body, but  a l s o  because s c i e n t i f i c  pronoun- 
cemerits .2re no t  accorded t h e  necessary degree o f  t r u s t  by those  t o  
whom they  a re  c~ddrcssed. 
2.2. The* ~ c i k n t i  s t s '  Par l iament  : exper t  knowledqe and l e g i t i m a t i o n  ? 
The seco:id model, which proposes t he  s e t t i n g  up o f  a  pa r l i amen t  of 
s c i e n t i s t s  who would p u b l i c l y  d iscuss  t h e  i m p l i c a t i o n s  o f  p resen t  and 
f u t u r e  scicnce po l i c y ,  d e r i v e s  from an idea  mooted b y  t he  Deutsche 
Physika! lsche Gese l l s cha f t  (German Phys ics  Soc ie t y )  and re - f l oa ted  
by Lohmar i n  t h e  a r t i c l e  we quoted e a r l i e r .  e oh mar's proposa l  aims 
a t  improvement i n  t h r e e  areas o f  t h e  r esea rch -po l i c i es  r e l a t i o n s h i p  
where t h e r e  are problems : 
' : an i n t e c s i f i e d  c o n t r o l  of t h e  a d m i n i s t r a t i o n  o f  research and 
t.:cbnolo:ly p o l i c y  arid o f  r e c i p i e n t s  o f  subs id i es  by a  more in formed 
; ~ ~ ~ ~ I . i m e ~ i t  ; 
: ., r..  :pped-~;p p u b l i c  c r i t i c i s m  and d i scuss ion  caus ing t h e  adm in i s t r a  - 
t i c - n  itnc! t trc r e c i p i e n t s  o f  subs id ies  t o  p r o v i d e  more comprehensive 
:,. ..i t l - ~ r r ~ i l j h  explanat  ions  and j u s t i f i c a t i o n  f o r  t h e i r  dec is ions,  
- , . - 1  
.: ' I  
:,r: t c r  ;~sr ,oc ia t  i o n  o f  economic m d  e f f i c i e n c y - o r i e n t e d  standards 
.!,- !i-!rt . : f  t h e  c o n t r o l ,  f u n c t f ( ~ n s  of, f o r  example, t h e  Federa l  
A ~ J ~ I  i t .Of:ice. 
11 c r i t i c a l  ;:r)prcci..>tion o f  t h i s  p roposa l  shoutd f i r s t  o f  a l l  t ake  
account o f  t h e  f a c t  t h a t  t h e  author  h imse l f  has been ma in ly  concerned 
.:it11 i n t e n s i f y i n g  t h e  d i scuss ion  on improved implementat ion o f  e x i s t i n g  
- ; c i c n t i - f i c  i:r:oulec-!!3e i n  s p e c i f i c .  p o l i c y  dec is ions  as 9 means o f  coping 
!::;I-e c. ' f j c  i l .v~: ly t l i sn  h i t h e r t o  w i t h  t h e  d r *cad fu l  s t a t e  o f  a f f a i r s  
q:,r'l ing rcsearc i l  p o l  icy.  There are s t  i 11 no concre te  p roposa ls  
regard ing  soc.h ma t t e r s  as t h e  composi t ion o f  t h e  S c i e n t i s t s '  ~ a r l ' i a -  
,.:ent, i t s  powers i ~ n d  t h e  ex ten t  t o  which i t  can be ensured t h a t  such 
-an i n s t i t u t i o n  w i  11 r e s t o r e  t h e  c r e d i b i l i t y  o f  s c i e n t i f i c  and 
t e c h n i c ~ l  dccisior!s. Furthermore, from a  p r a c t i c a l  s t a n d ~ o i n t ,  i t  
,our,t. !rc nacic clear., or1 t he  one I~;rnd, which i n t e r n a l  s t r u c t u r e s  o f  
a rgan iza t inn r ,  and i n s t i t u t i o n s  are t o  be changed so t h a t  t he  13 tes t  
lcnw!c!lge rr.-scs3rcti s t r a t e g y  can be brought  t o  f u n c t i o n  i n  admjn is t ra -  
t i v c  s r ~ d  p n l . i t  i ca !  p,rsct icc, md,  on t h e  o ther  hand, i t  must be made 
clc.-ir i101.~ s1.1cn a pnrli;;!nent can modi fy  t he  s u b ~ t a n t i a l  s h i f t  i n  
a c t u a l  dec is ion-making power f rom t h e  l e g i s l a t u r e  t o  t h e  j u d i c i a r y .  
T l ~ c  C,ci?ncc Court : a b e t t e r  s o l u t i o n  ? 
- . - - - - - . . - 
The rnol)?l or1 !.;hich t h e  Science Court i s  based d e r i v e s  f rom 3 p roposa l  
by ,I. I :<introwitz . i r ~  1903 6 .  Th is  focussed i n  p a r t i c u l a r  on t h e  prob lem 
o f  s c i e i i t i f i c  consu l t t l t  ion. I n  order  t o  improve t h e  i n t e g r a t i o n  o f  t h e  
p resen t  s t d t ?  o f  s c i e n t i f i c  knowledge i n t o  p o l i c y  d e c i s i o n  processes, 
r ,snt r -o~ l i tz  srggested t h e  s e t t i n g  up o.f a  s p e c i a l  cour t  f o r  s c i e n t i f i c  
;rnd tcc t i n i c ;~ l  .quest ions  ( t h e  Science Cou r t )  t o  examine ques t ions  
t h a t  ;Ire p ress i ng  b o t h  from a  s c i e n t i f i c  b u t  a l s o  3 p o l i t i c a l  p o i n t  
o f  view, i ~ s  regart ls t h e i r  s c i e n t i f i c  p r i n c i p l e s  and dimensions ( t h e  
c o n s t r u c t i o n  o f  nuc lear  power s t a t i ons ,  p o l l u t i o n  o f  t he  ozone layer, 
t he  t o l n r n n c c  o f  t!!e human body t o  chemical o r  b iochemica l  nox ious 
s u b s t ~ ~ n c e s ) .  I n  t t ~  i s  connect ion, Kant r o w i t z  proposes t h e  s e t t i n g  up 
o f  a p ~ r n e l  o f  judges composed o f  independent and prominent s c i e n t i s t s ,  
wno, on t h e  b a s i s  o i  t h e i r  fundamental  a b s t r a c t  knowledge and t h e i r  
e x r ~ e r i e n c e  shou ld  be i n  a p o s i t i o n  t o  Look s u f f i c i e n t l y  o b j e c t i v e l y  
~t problcrns m d  r e l a t e d  f a c t o r s ,  inc l t rd in :?  t l m s r  o u t s i d e  t h e i r  own 
distil, 1 incs .  'the necessary  d a t a  fclr ;In a l  l - e ? b : ~ c i r ; ~  to ta l .  presents- 
t i o n  o f  t i l e  :ii:cnnr!!ena t o  be ev;~!ii.:tcd v u l t i  be o b t , ~ i n e d  : ~ i t h  t h e  a i d  
o f  s c i c r l t i f  i c ~ . ~ i t n c s s e s  and La~.rycrs who, 011 e ~ c h  i n d i v i d ~ ~ a l  issue, 
represeri: t h e  v ~ r i o u s  s c i e n t i f i c  p o s i t i o n s .  I n  a  k i n d  o f  c ross-  
e x ~ n i n n t i o n  t o  wh ich  t h e  w i t n e c z c s  would be s u b j e c t e d  an a t tempt  
~ o ~ ~ l d  t h c n  b c n,>de t o  produce t h e  most o b j e c t i v e  p i c t u r e  p o s s i b l e  o f  
t h e  p r ( ? : : ~ ~ i t  5t ; l te o f  knowlcdqe, ~.i. i l i ich would t h e n  be made a v n i  l ~ b l e  
i n  ;t c. !ct .~ i !cd r e p o r t  t o  t h e  dec i s ion -makers  and a l s o  - i n  sn abbre- 
vi;ltecl form - t o  t i l e  g e n e r a l  JS ;I b a s i s  f o r  a  d e c i s i o n .  
Thc a r i g  i n a l  conccpt  o f  t h e  S c  i crice Cotrrt  a s  r e p r e s e n t e d  b y  K a n t r o w i t z  
. ~ n d  Lr l t e r  by  o t h e r  ~ u t l r o r s  ~ ~ r o c c c d s  f rom t h e  assumpt ion  t h a t  sc ien-  
t i f i c  dcr;cr.il1tiorl o f  f , i c t s  and p o l . i t i c a 1  c v s l u a t i o n  w i t h  a  v iew t o  
t h e  7 r a r t  i c , l l  a p p l  i c a t  i o n  o f  t h c  d a t a  s u n r l l i e d  can be separa ted  
, : n ; l l y t i c ; ~ l l y .  I n  t h i s  sense, t h c  f i n s 1  " judgment"  o f  t h e  Court,  i.e-., 
t h e  r7eoc?rt o r 1  t h e  r e s u l t s  o f  t h e  procedure,  i s  seen as  b e i n g  a  
c!cie;min!t i c r i  o f  t h e  f a c t u a l  s i t u a t i o n ,  ~ i t h  no a t tempt  t o  .recommend 
o r  r c j c c t .  
L J i t h o l ~ t  w i s t ~ j n q  t o  re-open t h e  i s s u e  o f  v:ilue j udgmcnts, whic'h d a t e s  
b-lck .it Lesst t o  Kax Wcber, i t  n u s t  be r e c o g n i z e d  t h a t  t h e  p u b l i c a t i o n  
o f  t h c  " j  ird:lr?cnt s" o f  t h e  Sc ience  Cour t  p roposed b y  Kant r o w i t z  w i  11 
bc regarded o t  L e ~ s t  p f ? r t i z l l y  as a recommendation t o  t a k e  a c t i o n .  
llowevcr, t h e  p r a c t i c a l  ~ r s c f u l n c s s  o f  t h i s  model f o r  assess ing  t h e  
conzequences o f  t echno lo r j y  t h roug l i  t h e  use o f  a  Sc ience Court, l i m i t e d ,  
i r i  t h e  f i n a l  cir iaLysis, t o  t e c h n i c a l  ques t i ons ,  s tands o r  f a l l s  by 
t h i s  f , l c to r .  L i m i t i n g  tllr? problems t o  t h o s e  o f  a pcr re ly  s c i e n t i f i c  
,.rlld t e c  h n i c a !  n a t u r e  a l s o  prnclucc:~ p o 1 i t i c ; l l  recommcndat i o n s  which, 
,IT a ccn:;cql.rt.nce o f  t h e i r  se l f - i n17osed  r e s t r i c t  ions,  must be regarded, . 
t~c,wcvcr,  IS ina3ec; t r~te f o r  t h e  r e s u l t i n g  f o r m s t i o n  o f  consensus and 
d:.c i s i o r i  t;:i; ' r ig b y  p o l i t i c a l  bod ies  and t h e  g e n e r a l  p u b l i c ,  because 
Lilt:, ~ l i  5 r c ~ 1 : ) : - ~ !  1:rtny s i r l n  i f  i c.lnt. c i f e c t  r o f  nc\.i t e c h n o l o g i e s  on 
~ ~ c i c t y .  .As i ! ~ :  cl;ic;rge(i from t h e  d i s c u s s i o n  cn  energy, t h e  conseqcrences 
c f  rc-,c;irc'? ;rind s c c t o r . : l  p o l i c y  nleasirres f o r  t h e  l a b o u r  market, f o r  
t l i r l  r ; u i l i t y  c f  t h ?  ~ .nw' ronmer i t  ancl t h e  o t r s l i t y  o f  L i f e  and t h e  economy 
;Ire, i n  1cnclr-,11., i r c q o e n t l y  reqarcled as b c i n g  j u s t  , is g rave  as p r o -  
b l c ~ ~ s  co: l r iect?~I  k ~ i  t 1 technical implementat  i o n  o r  t echno logy - induced  
r i s k s .  
1,Iorc r c r r n t  1-rc;)ozsl s concern ing  t h e  Sc ience Cour t  advocate  more and 
more t h a t  t t ~ c j r c  aspcctr ;  which a r e  p a r t  and p a r c c l  o f  more b r o a d l y  
d c f i n c d  coci, . ! .  consesu!inces o f  t h e  a p p l i c ' i t i o n  o f  new t e c h n o l o g i e s  
si-sould no 1ol:ocr b? d is regarded .  Therc fo rc ,  cons ide i - i ng  t h e  concept 
o l  ,3 Cour t  f c r  s c i c c t  i f  i c  and t e c h n i c a l  ciucst i o n s  i i i c l u d i n g  t h e  
i> rc i t l i ! r  r?nclil o f  t;lsks set, LCe see t h ~ t  hci-e a r c  t t~ ! 'ee  e s s e n t i a l l y  
d i - f f c r c r i t  t;~:rl.:r; t o  be p c r f o r m c d  i n  r c l a t i o n  t o  s c i e n c c  and p o l i t i c s .  
F i r s t l y ,  i t  i s  p o s s i b l e  t o  d e p i c t  t h e  s t a t e  of knowledge as regards 
t h e  main l i n e s  o f  developnient i n  sc ience  and research p o l i c y  and t h e i r  
necess i ty ,  t oge the r  w i t h  p o s s i b l e  a l t e r n a t i v e s  t o  them (MODEL I) ; 
secondly, Science Court  procedures cou ld  accompany s o c i a l l y  s i g n i f i c a n t  
research p r o j e c t s ,  through t h e  t a k i n g  o f  r c l c v g n t  decis ions,at  i n t e r v a l s  
s t i l l  t o  be determined, on whethcr a s p e c i f i c  p r o j e c t  i s  s t i l l  i n  L i n e  
w i t h  e x i s t i n g  o r  p o l i t i c a l l y  desirable dcvelopmcnt t rends, o r  whether 
the re  i s  a  j u s t  i f  i a b l e  r e l a t i o n s h i p  between expend i tu re  and o b j e c t i v e  
o r  whetl,er i t  ~.rould no t  be p o s s i b l e  t o  crse a l t e r n a t i v e  techno log ies  
i n  a  more e f f i c i e n t ,  cost -sav ing and env i ronmenta l l y  acceptab le  
manner (IIODEL 11). I n  a d d i t i o n  t o  these areas o f  a p p l i c a t i o n  t h a t  a r e  
determined p r i m a r i  l y  by research  p o l i c y ,  t he  f o l l o w i n g  a p p l i c a t i o n  
o f  t h e  Scicnce Court  would be poss ib le ,  i n  a context  which has ha rd l y  
been t o t~ched  upon up t o  now : i f , - i n  f ~ c t ,  i t  i s  co r rec t  t h a t  t h e  
e v a l i r ~ t  i o n  and expans ion of  s c i c n t  i f i c  and t echn i  cat  know ledge i s  
i n f l uenced  t o  an eve r - i nc reas ing  d t q r c e  by dec i s i ons  o f  t h e  courts,  
which a r c  o n l y  i m p e r f e c t l y  prepared f o r  t he  new t a s k s  t hey  have been 
assigned i n  t h i s  f i e l d ,  t hen  a  branch of  case t au  r e l a t i n g  s p e c i f i c a l l y  
t o  these quest ions cou ld  Lead t o  more r a p i d  and we1 1-founded judgments 
(MODEL 111). Below, an at tempt w i l l  be made t o  ske tch  i n  g r e a t e r  d e t a i l  
t he  t h r e e  f i e l d s  o f  f ~ p p l i c a t  i o n  o f  t h e  Scicnce Court  model, on t h e  b a s i s  
o f  what they a re  and a re  no t  capable o f  ~ i c h i e v i n g .  Because o f  c e r t a i n  
common s t r u c t u r a l  ch . - ) rac te r i s t i cs ,  MODELS I 1  and 111 are  summarized 
i n  a  c o ~ ~ p a r a t i v e  fashion. 
MODEL I : Medium f o r  t e s t i n g  s ta tements  on t he  "S ta te  o f  t h e  A r t "  
........................... ..................................... 
Up t o  now, o n l y  K a n t r o w i t z ' s  Science Court  model, o f  which a  b r i e f  
d e s c r i p t i o n  i s  g i v e n  ,;hove, has been d iscussed i n  d e t a i l  ; e s s e n t i a l l y  
t h e  d i scuss ion  has been con f ined  t o  t h e  Un i t ed  States. The s t r u c t u r e  
i s  based on t h c  f o l l o w i n g  two main approaches : 
- what fo rma l  ar ranqcnents  a re  t o  be taken i n t o  account, t o  be adopted, 
s t i l l  t o  be c l d r i f i c d ,  t o  enablc  t h c  Science Court  model t o  operate  
e f f e c t i v e l y  i n  p r ~ c t  i c e  ? 
- what i ~ d v a n t a q ? ~  docs t h e  concept o f f c r  a s  opposed t o  conven t iona l  
s c i e n t i f i c  ccnsult;:: i o n  systems ? 
Formal c r i t e r i a  which app ly  when s e t t i n g  ip a Court f o r  s c i e n t i f i c  
and t e c h n i c a l  ques t ions  are, f o r  example, whether i t  should  be a  
permanent i n s t i t u t i o n  w i t h  a  permanent ly unchanged jury ,  who appo in ts  
t h e  i n d i v i d u a l  judge:;, who dec ides what sub jec t s  a re  t o  be d e a l t  w i th ,  
who chooses t h e  Lawycrs, who bears t h e  costs, etc.  .,However s i g n i f i -  
cant these d e t a i l s  m<ly be as a  whole - w i t h  p ~ r t i c u l a r  emphasis on 
t h e  quest i o n  o f  who has a  r i g h t  o f  a c t i o n  - t h e y  should never the less,  
i n  p r i n c i p l e ,  tx s u s r e p t i b l e  o f  s o l u t i o n  once i t  has been i e c i d e d  
t o  app ly  t h e  model expe r imen ta l l y .  T h i s  a l s o  a p p l i e s  t o  t h e  o the r  
two v a r i . i n t s  o f  t h e  Science Court  concept s t i l l  t o  be d e a l t  with, 
and which, i n  d e t a i  1, can i n u o l v e  a v a r i e t y  of similar problems t o  
which t h e  scar-r. o f  t h i s  paper  can:lo+ extend.  They car) be s o l v e d  o n l y  
i n  acTual. F r , > - y i  c c ,  i n  A r e ! ? t  i ~ c ! ! ,  ! n r ~ - ? c r m  c!i,;cus:;ion, expc r imcn ta -  
. , t i o r i  in i j  : . ~ , i r . : ; ! r . ~ :  j r;~ce.;r. I n i t  i,>l .:;/r:r.r i-i,.i~;.:. !:-I t h e  l l n i t e d  S t a t e s  
in.:;:. l t e  ;!,:: ..::tll !;I(: ... jcj 17f t!,'. :'c::: ; . .c: : - c ! : r i  ;..rgci:.: j l lr '  tccb5010- 
q i  C!\I~?[!:>: ' ::i + i , , ! .  i ; c.!q 2 2  <:, -,.l?lr;.!::,!,, i.;b~ii.!i, 17). v i r t u e  o t  t h c i  
tr::nr :.;lrcricy .:I?,.! r; ::icnt -i f i c , ~ l  y  t!,.~! ~ n c e c l  ;-:;!pro;lclr' a r c  accep tab le  t o  
t h ?  l ~ ~ j ~ i l i ; : t j ~ ! :  znc!cr  : cnc r ! -~ i c i l ~ ' -  Ilcwever, a t  t h e  preser.1t t i m e  i t  
i s ,  r,: cour:~:, i . t  i':! t o n  ca r - l y  t c  ni,;kc g c - r ! c r ~ l  pronouncements on t h i s  
n ~ t  t : . '~.  
Thc r;:ccn,i ~ j : . : : : ; :  i t \ . )  1; : i:, v!: -1;. c 31 ;  !~..c ; , ~ l i i  ~ v p d .  w.i t.5 i he t;ant r-ok: i t r  
model., by tor:.;: ~ r - i  s,zr? id  it!) e x i  s.t i r q  L ' xpc r t  o p i n i  011 procedures,  has 
a l r ~ : ~ i y  kt??n (-!);it? i i . : t ~  i-,i.iei(ly aiic~vc? ,Apparent ly  i n  i . t i is  way, b r o ~ ( l  
f a c t i 1 ~ 1 1  d is r .~ l : .c - ion ,  i n v o l v i r l g  t l i c  ~ l c n o r ~ l  p u b l i c ,  o f  t e c h n i c a l  and 
s c i c . i i t i f i r  I-~I-, (.::.css c-jn Lie condiir.t~:~i, t ~ h i c h  c c n t r i b u t e s  b o t h  t o  t l l c  
securir l ! ]  o f  ;I cr.ns.::-l:;u.; and t o  g ~ - c . - ~ t c r  t rahsparc r i cy  o f  t h e  p o l i  t i c a 1  
a rea  .in r:lri+st j!.r.~, , :r id f i r ,  c f f c c t s  on t h c  hrc- id  spect rum o f  o v e r a t  1  , 
S O C ~  . I :  ohj?:::. ;\!cT .iri s l  i a s p c ~ c t s  o f  1  i f e .  Ho:~cvcr, t h e  Kant  r o w i t z  
model, '2s cc~ :c? i vcd  sc ' s r ,  i s  b . i c ; c a l l y  l i m i t e d  by i t s  oidn p o s s i b i -  
t i t i e r ; ,  s j : ; c l?  or-l y : c i c ! ? t i f i c  and technical prob lems  a re  t o  be 
accc1;:cd ,I:; ~ j~ :~ : ! i c ra :n~ i  f i r  ex;tmin;lt ion. I t  wo i~ ld ,  o f  course, amount 
t o  .7 F ; ~ i ! ~ l r e  '11. . ~ l p ! ~ - c c i , i t e  t i l e  i r l t c ! - ) t i e n s  eel' K i i n t r o k i t z  and a t !  t h o s e  
i n  f.r\:our t;f t ! l i s  \!,:rsic.n ~ f  t h e  :;cience C~l~rt., ' if t i l e y  K c r e  t o  be 
regsrcled CIS cndt?; l i , r~ i r inr l  t o  e n r i c h  t r a d i . t i o r i ; ~ l  c o n s u L t ~ - i t i o n  systems 
s i m p l y  throuqt :  .lno:hcr n . imb i t .  T h e i r  de1 iber ; : t ions  a r c  based much 
more on thc- ir:c,l' o f  f u r n i s h  i n q  p o ! i t  i c ~ !  dec is ion-makcrs  and t h e  
genc r ;~ l  r;~,!;lic x i t i ;  o n l y  t h c  b e s t  p o s s i b l e  clata. I t  i s  n o t  j u s t  
i n c i l j c n t a l  t!i,:: i n  ! i r i  r. cc2nl:ct i o n  clrgumcnts atlv.,nced by t h e  psycho- 
logi:::, Lev in<,  -1rc rlcnt inni:" \./,hic:h, based or1 t h e  r i l coqn i  t i o n  t h e o r y  
. .  , . . cOn:n;'tS cf C T ! :  !c. : I  r;~:.ii.n;:!.ic_r;l~ ;;r? aimcd ~t r r :cur ine  a c l o s e r  l i n k  
t h a n  I:ithi.;tq i:s.!t~.!r.rri r.r.r;p;lrri! r e r r ~ l t s  y i p l d c d  by ex(-.-7riments and 
c r . i t i ; : , ~ I .  d i -c . ;  7 - i c i i  b y  , 1  Goci:,, o f  rc!scarr,h ~,orkcr:. I r l  t h i r ;  scnr:e, 
t!.lc. :c jcnc.8 rr. 11  t c. , r i  b.: rcl? ir.d;d I!; r e p r c s c n t  in:, sui- h ;I body 07 
r p s c . l r c t l  r.:::r!:f :.:: oi l  -1 ;1:-11i :.~:;llr! ; i t s  c ! i rc :~yr icv- ts ~ ~ i c t l l d  r cFLcc t  
t h e  p:.c:;t:~!: :,! : i - ~ -  c - % ~  ::rj:., L,>(l IT  ti: r?<jar- i j  t , ~  qi ; , . ~ r t  .i -k,l,>:* pro:) L?::; 
4 ' 1  t:;:! I:: : t  L:;; go: cib!c. 
I r r c : ; : , r~c t  isfl: (: ; til,: ,ls::i.- srncnt o f  t t j p  c p i  s t e 7 n l  c g  i c a l  assirapt i o n s  
. ~! l -~: . r .c~~ci l ,  i t lnuct bc conccr.!:xl t l~. l t ,  f o r  t !le ptrrposes u n d c r ! y i r ~ ~ :  t i : i , :  
o f  rlcr,pr;!! i ; ,  -:;,::i!?:i, ,:!: a ~ : ! r - ~ l  1  rc,r>resc:ntr~::ipn of ;:!i,lt ir; ;In(! i s  a n t  
; ~ v ~ l i l . : L j l t ?  i l y  1.: ; y  0.1 " i ~ ! : t i r : l ~ c ~ t i "  kno\.;lcdge .for i:or.ing \./itti ;I ~3pt:ci f ic 
prnbl!:rn c p l r ! . !  i>v v ( > r y  t , ' ~ f ~ l l .  I t  i z  n o t  orr!y ir: t h e  f iel .r l r :  o f  c c o n o n i c s  
I , ; 1 5 r ,  !:.I p i r ! l : i ~  d i s russ in : i  o f  r - ! : i c n ! - i f i c  ~ n c !  t c c h r l i -  
c;ll qc:c>tior!c ::l,?t t l ~ c  :.!ck 0 :  r c l i c l t ) l e  forecc?st : :  t i i r n s  p c l i t i i a l  
d i s c ~ r s s i o r l  i r l t  :> . I  I. i n d  c l i  r e 1  i g i o t ~ r .  s t  ruqqlc.  . . # i n  c.ti icli t h e  cppur. ing 
f ~ r c , : ~  t 1  .:I?: t i . ,  CI~,. tinc:::icr, ~ ' t h  < I  gre i : tc r  c?r :csscl- d c ~ ~ r c e  of 
j u s t  i r i c. t t  ; < . I ,  i ! i t :  . . : i t i ! : .~ ! ,~ t  k,? in(; ;:\.I ! c  .to I > ! - n ~ i ~ ~ c t '  ev i : !~!ncc h;ls;>'i on 
s c i C n t  ii:i c. f . ! :  : ,  r  l l i : c r  f , i i t ' i  i n  prc .qrcss  .;ri,l the. i ~ l i . , ~ l o ~ l y  f  groi;l;h, 
o r  economic  i g n o r a n c e  arid n o s t a l g i c  g l o r i f i c a t i o n  o f  r i a t u r e .  A l t h o u g h  
b o t h  s i d e s  t r y  t o  s u p p o r t  t h e i r  l i n e  o f  a r g t ~ m c n t  by r e f e r e n c e  t o  
conf  i rmed f a c t s ,  i t  can, n e v e r t h e l e s s ,  !10t $7 tWr?)'s be assumed t h a t ,  
a s  r e g a r d s  r e d c t o r  c o n s t r u c t i o n ,  f o r  e;<,?m~)le, s a f e t y  i s  r e a l l y  t h e  
d c c i  s i v e  g r o u n d  i n  favot i r ,  o r  d i r : ~ i o s . r l  p r o b l e m s  t h e  d e c i s i v e  r e a s o n  
a s a i n s r .  S c i e n t i f i c  w i t n e s s e s  who :~i 1  I. a t t e s t  t o  t h e  L o g i c  and  s c i e n -  
t i f i c  f o u n d s t i o n  o f  one  o r  t h e  o t h e r  s t a n d p o i n t  a r e  - a t  l e a s t  i n  
t h e  cdse  o f  suc i i  c o n t r o v e r s i a l  s l i b j e c t s  - l e g i o n .  
The K a n t r ~ w i t z  mod" i s  i n t e n d e d  t o  c o u n t e r  t h i s  v i r t u a l l y  e n d l e s s  
p r o c c 5 5  o f  s c i c n t  i f  i c  and  q u a s i - s c i e n t i f i c  . ~ ~ S C L J S S ~ O ~ .  I n  t h i s  connec- 
r i o n ,  i t  i s  expec te r l  t h a t  t h e  j b r - y  w i l l  succeed i n  d i s t i n g u i s h i n g  
b e t a e m  " r e l i a b l e "  cind " l e s s  c r c d i b l c . "  ~ l i t n e s s e s ,  .i.e., t h o s e  whose 
c c n t e r i t  i o n s   r re b a s c d  on  e s t a b l i s t ! c : d  f a c t s  and o t h e r s  who may use 
spur ioc rs  s c i e n t i f i c  ~ i r gu r i r en t s  t o  f ~ r t h e r  o t h e r  i n t e r e s t s .  Tha t  i s  
v~hy  Kan t  r o r i t z  i n s i s t s  t h a t  t h e  p a n e l  o f  j u d g e s  be composed o f  
s c i e n t i s t s  n o t  i n v o t v e d  i n  t h e  c c n t r o v e r s y ,  i.e., f r o m  o t h e r  d i s c i -  
p l i n e s  : t h e  a c i d  t e s t  o f  s c i e n t i f i c  p r o g r e s s  i s  a  p l u r a l i t y  o f  
t h e o r i e s  t l ~ a t  i n s t i t u t i o n a l i z e s  c r i t  i c i s r n  snd  c o u n t e r - c r i t i c i s m .  
The r e o s o r l  why s o c i n l o g i c a l  q i - res t ions  a r e  c o n s i d e r e d  b y  t h e  p r o t a -  
12on i z t  5 o f  t ! i i s  o r i : i  i n d l  idea o f  t h e  . S c i e n c e  Cocrrt t o  be o u t s i d e  
t i l e  t e r n s  o f  r c f e r e , i c e  o? t h e  p r o c e d u r e  i s  o b v i o u s l y  n o t  because  
t i l e j r  r e s c a r c h  r e s ~ l k t s  ~ o u l d  b e  o i r t s i c i c  t h e  g c n e r a l  o u t l i n e  c o n d i t i o n s  
f o r  t h e  v d l i d i t y  c f  ( 1  t h e o r y  - e m p i r i c a l  b a c k i n g  f o r  and  p r o v i s i o n a l  
c o r r o b o r j t i o n  o f  t h r  f i n d i n g s  o f  t h e  r e s e a r c h  w o r k e r s  : i t  i s  f a r  
?Gre r a a d i l y  assumcy.! t h a t  t h e  p l u r a l i t y  o f  t h e o r i e s  o f  t h e  s o c i a l  
s c i e n c e s  w i  1  i p re1u ; i c  t h e  s e c u r i t y  o f  a consensus o n  t h e  p a r t  o f  r e s e a r c h  
v j o r kc r s ,  based, a s  i n  t h e  case  o i  t h e  n a t u r a l  s c i ences ,  on  a  commonly 
a c c e p t e d  parad igm.  :onsequent l y ,  t h e r e  i s  n o  way i n  w h i c h  t h e  nume- 
r i c a l l y  r e s t r i c t e d  i l , r ) .  c ~ u l . d  bc r e g r e s e n t s t i v e  o f  such  a p l u r a l i t y  
o f  t l \eo:.ies. T h i s  s c i e n t i f i c  s e l f - r e s t r a i n t  - p o s s i b l y  i t g a i n s t  
Kan:ro;r i tz ls o w  i n t r l n t i o n s  - :dould have  t h e  p a r a d o x i c a l  consequence 
w i t h  r e g a r d  t o  r e s e . ~ r c h  p o l i c y  i n  p r a c t i c e ,  t h a t  s c i e n t i f i c a l l y  sub- 
s t s n t i a t e d  o r  u n s u b s t a n t i a t e d  decisions r c g s r d i n g  t h e  n o n - t e c h n i c a l  
soc i ; t l  c f f c c t s  o.f t r i c  ; r pp l i ca t  i o i ~  o r  n o n - ~ p p l i c a t i c n  o f  t e c h n i c a l  
k n ~ : ~ - h o ' , ~  u o u l d  have t o  be r e a c h e d  e l s e w h e r e  t h e n  w i t h i n  t h e  S c i e n c e  
Cour t .  T h i s  wo111d & > : r r ~ c i  c o n s i j e r a b l y  f r om t h e  consensus  s e c u r i n g  
character o f  s11 i n 5 t i t u t i n n  o f  t h i s  k i n d  and c a l l  i n  q u e s t i o n  i t s  
cver -111  c o n t r i b u t  ic.17 t o  .the r a t i o n a l i z a t i o n  and c l a r i f i c a t i o n  o f  
r e s e a r c h  p o l i c y  d e c i s i o n s .  r c i b e i t  t h a t  h i s t o r i c a l  e x p e r i e n c e  w h i c h  
i s  r e f l e c t e d  i n  soc ic l1og i r :a l  t h e o r i e s  does  n o t  e n j o y  t h e  s t a t u s  o f  
t h e  L ~ U S  o f  t h c  nonl;.8t!ie:ic sc i ences ,  i t  cr lnnot  be e n d l e s s l y  r e l a t i -  
v i t e d .  E p i s t e ~ ~ ~ o l o g i r - 1 1  pu r i sm ,  t h e r e f o r e ,  does n o t  90 a s  f a r  a s  
a c t u a l  p r , l c t i c ~ ,  ~ l i t J l - t h i f i  S c i e n c e  C o u r t    nod el ; i n  a c t u a l  p r a c t i c e ,  
hotiever., p r c f e r e n c c  s l i o u l d  be  g i v e n  t o  a  s u b s t ~ n t i a t e d  p l a n  o f  a c t i o n  
c i r ~ w n  up by  an economis t ,  a n d  based  on t h e  p r e v i o u s  succcss  o r  f a i l u r e  
o f  s p e c i f i c  ccckorn ic  p o l i c y  i n s t r u n e f i t s  w i t h  bounda ry  c o n d i t i o n s  t h a t  
h . 3 ~ ~  n c t  hecn  comp1c;ely c l : > r i f i e d ,  r .3 ther  t h a n  n e r c  v a l u e  b ~ s e d  . 
j e c i  s i o r ~ i  ;m. 
As a  whole, t h e  K a n t r o w i t z  Sc ience  Cour t  model would appear p r o m i s i n g  
i n s o f a r  a s  i t s  , i n t e n t  ion, w i t h  r e f e r e n c e  t o  r e s e a r c h  p o l i c y ,  i s  t o  
p r o c u r e  c o n f i r r e d  d a t a  as a  b a s i s  f o r  b e t t e r  d e c i s i o n s .  However, s i n c e  
K ~ n t  row i t ?  Le;;\/cs many quest  i o n s  unt1r7!:\.;.;t.r-~:d, s u ~ h  e s  tiou t h e  p r e s e n t  
s t a t e o f  s c i e r i t i f i c  k n o w l e d ~ e . c a n ! x  m o r c c . f f e c t i v c  i n c o r p o r a t e d  
i n  p o l i t  i c a !  dec i s ion -mak ing  p rocesses  and how . it csn, t o  somc 
ex ten t ,  be g u ~ r a n t e e d  t h a t  d e c i s i o n s  o n  t h e  a p p l i c a t i o n  and f u r t h e r  
development o f  t e c h n i c a l  k n o w h o ~ ~  *:li 11 be based on s c i e n t i f i c  c r i t e r i a ,  
an e x t e n s i o n  o f  t h e  range o f  s u b j e c t  m a t t e r  w i t h  wh ich  t h e  Sc ience  
Cour t  shou1,d concern  i t s e l f  i s  h i g h l y  d e s i r a b l e .  
PIODELS I 1  and i l I  : The Sc ience  Cour t  a s  an i n s t i t u t i o n  a c t i n g  i n  
--_-_____-------- , -- --------.-.-------------------------- --- 
a r a l l e l  w i t h  t e c h n o l o g y  e v a l u a t i o n  e , , -, , ,-, , -- - . - - , .-- - - - , , -- , , , -, -, 
There a r e  as y c t  n o  d e t a i l e d  concepts  - ak,in t c  t h e  K a n t r o w i t z  model - 
o f  t h e  o t h e r  t::o y i i r i a n t s  o f  t h e  'iciencc? Cour t .  'The o n l y  s u g g e s t i o n s  
i n  t h i s  r e s p e c t  a r e  t o  be f o u n d  i n  a number o f  i n f o r m a l  p a p e r s  by 
Raymond pauer ,  3nd t h e s e  w i  1 1  be gone < n t o  i n  t h i s  paper. However, 
b o t h  p r c p o s a l c  r ~ r o v i d c ,  f o r  a  common .frame;.cork a s  r e g a r d s  t h e  s t r u c -  
t u r e  and d e c i r - i o n - a s k i n g  powers  o f  such a  c o u r t  f o r  s c i e n t i f i c  and 
t e c h n i c a l  quc:,!: ion; : 
- t h e  Sc i cncc  ~ . o u r t  i n c l u d e s  s o c i o l o g i c a l  i m p l i c a t i o n s  i n  i t s  
dec i s ion -mak ing  c r i t e r i a  i n  so  f a r  as  t h e y  a r e  r e l e v a n t  t o  r e s e a r c h  
p o l i c y  q u e s t i o n s  o r ' t h e  a p p l i c a t i o n  o r  e x t e n s i o n  o f  technology. .  
- a s  w i t h  t h e  !.abcur Court, t h e  independence o f  t h e  j u r y  i s  n o t  
d e f i n e d  p r i n f 3 r i l y  by  t h a t  o f  each i n d i v i d u a l  assessor, b u t  r;tthar 
as a  ;/hole, t l i r o l ~ g h  t h e  c q u i  l i h r i u m  m a i n t a i n e d  when s ' e l e c t  i n g  t h e  
ji~r?!jcs and T:.-.;essors. The j i ~dqec ,  t hemse lves  a r e  a p p o i n t e d  i n  
accordance !.vith c r i t e r i a  such a s  a l s o  a p p l y  i n  o t h e r  a r e a s  which 
a r e  i ~ p o r t a n t  f r o m  - t h e  s t a n d p o i n t  o f  s o c i a l  and Lega l  p o l i c y  ; 
here, sn;~!or:ics may be drawn,, f o r .  i ns tance ,  w i t h  cons : i t u t i ona l  
cout .:-s, 1.ibo11r c o u r t s  and o t  tiel. s p e c i a l i s t  cou r t s .  
- [:ljpZc!:.ns o r  . . r o c e r l ~ ~ t - e  and ev idence  a r c  i n  L i n e  w i t h  t h e  t r ~ d i t i o n a l  
p r a c t i c e  o f  ' r ~ c  cou r t s ,  t h a t  is t o  say t h a t  i n  a d d i t i o n  t o  t h e  
r e s p e c t i v e  p i r t i e s '  Lawyers, t h e  c o u r t  may a l s o  c a l l  w i t nesses  o r  
p r o c l w e  e x p e r t  o p i n i o n s  on i t s  own mot ion .  
The f i r s t  o f  tlic: t w o  v ~ l r i a n t s  (MODEL 11) i s  specially g e a r e d  t o  t h e  
p r e v e n t  i a n  o f  ; ! u l t y  p l a r s  and t h e i r  r e t e n t i o n  i n  r e s e a r c h  and techno- 
1og.y o o l i c y  ; & ~ r ,  t h e  b a s i s  o f  d e v e l o p n ~ e n t s  i n  t h i s  area, a s  described 
above, i t  a i a r  i n  t h e  n a t i o n a l  r e s e a r c h  p o l i c y  more c l o s e l y  t o  economic 
and o t l i e r  s o c i  1 1  c r i t e r i a  f o r  t h e  success o f  a  p r o j e c t .  To t h i s  end, 
r e s e a r c h  p r o j e c t s  o f  i m ? o r t a n c e  f r om t h e  s t a n d p o i f i t  o f  f i n a n c e  and 
deve lcpment  p o l i c y  i i o u l d  be examined r e g u l a r l y  by  t h e  S c i e n c e  C o u r t  
w h i c h  i;ouLd check i.i:letil?r t h e r e  h e r e  a  j c i : t i f i a b L e  r e l a t i o n s h i p  
be t i reen  o b j r c t  i b e  ::nd c x g e n d i t u r e ,  t h e  c ~ x t e n t  t o  : i t \ i c h  t i l e  same 
o b j e c t  i v e  r i ~ i g l i t  kc . 7 t  t . ~ i n e d  b\,  o t l l c r  more ccono!ni c  ineans and whether  
t h e  c,aze s i s n i f i c a n c c  n t t c i c h e d  t o  t i l e  o b j e c t i v e  i n  q u e s t i o n  2 ,  when 
i t  \.)as f i r s t  mac!e t i l e  c o j e c t  o f  s t ' t te  a i d .  
The p r o b l c m  a r i s e s  o f  t h e  L e g a l  f o r c e  o f  j udgmen ts  o f  t h e  S c i e n c e  
C o u r t  i n  t h e  above:-ent  i o n e d  case, i r s o  f a r  as  i n  t h i s  p r o c e d u r e  
i t  i s  n o t  a q u e s t i o n  o f  whether  t h e  s u b j e c t s  u n d e r  i n v e s t i g a t i o n  a r e  
i n  acco rdance  w i t h  e x i s t i n g  Laws n r  r t r l e s ,  a l t h o u g h ,  o f  course,  any 
r i s k s  a t t a c h 2 d  t o  t h e  i r rp lement , .~ : ion o f  r e s e a r c h  p r o j e c t s ,  w h i c h  
a f f e c t  t h e  c o n s t i t a t  i o n a l  r i g h t s  o f  i n d i v i d u a l  c ' t i z e n s ,  w i l l ,  i n  
p r a c t i c e ,  e n t e r  i n r o  t h e  d e c i s i o n s  o f  t h e  S c i e n c e  C o u r t .  I n  p r i n c i ? l e ,  
however, i t  w i  ll bc (3 q u e s t i o n  o f  choosing,  on t h e  one hand, be tween 
a L t e r n < . ~ t  i v e  p r o j e c t  ' on?  o f  o b j e c t i v e s ,  and o n  t h e  o t h e r  hand, be twccn  
aL te rn '? t  i v e  means t o r  t h e  a t t a i n m e n t  o f  t t ~ o s e  o b j e c t i v e s  ; p r o j e c t s  
w i l l  be t v a l c r , ~ t e d  i n  c3ccordance t ~ i t h  c a t 3 l o g u e s  o f  s o c i o p o L i t i c a L  
o b j e c t i v e s ,  ~ n d  scientific, t e c h n i c a l  and economic c a t e g o r i e s .  Hob:- 
ever,  t h e  p o l i t  i c a i  i i % ~ t U r e  o f  t h e  d e c i s i o n s  made i n  t h i s  c o n t e x t  a l s o  
d e t e r m i n e s  t h e i r  s t i l t u s  ; were t h e y  t o  be l e g a l l y  b i n d i n g ,  P a r l i a m e n t ,  
i r r e s g c c t i v e  o f  any i n f l u e n c e  i t  niay have  on t h e  c o m p o s i t i o n  o f  t h e  
Sc ience  Cour t ,  k iou ld  b e  d e p r i v e d  o f  s u p e r v i s o r y  powers  k h i c h  i t  has  
a l w a y s  had i n  r e s p c c t  o f  r e s e a r c h  p o l i c y .  Such a  r e s u l t  wou ld  b e  a  
, c o n t r a d i c t i o n  o f  t h e  o r i g i n a l  i n t e n t i o n   hen d e v i s i n g  t h e  S c i e n c e  
C o u r t  model, i .e., n o t  t o  d e p r  i v c  F a r  t i  amcnt o f  d e c i s i o n - m a k i n g  
powers  b u t  r a t h e r  t o  p r o v i d e  t h e  L e g i s l a t u r e  and t h e  e x e c u t i v e  w i t h  
an i n s t r u m e n t  w h i c h  r e n d e r s  p o s s i b l e  t h e  p l a n n i n g  o f  r e s e a r c h  and 
t e c h n o l o g y  p o l i c y  i r ,  acco rdance  k ! i t h  s c i e n t i q i c ,  s o c i o p s l i t i c a - l  and  
eccnomic  ~ t ~ i n d p c i n t  s, and p r e v e n t ;  an  a d m i n i s t  r a t  i v e  vaccrom. I n  t h i  s  
form, t h e  S c i e n c e  :.>yurt wou ld  t h e r e f o r e  f u n c t i o n  p r i m a r i l y  a s  an 
a d v i s o r y  body on r c s e a r c h  p o l i c y  f o r  P a r l i a m e n t  ; i n  a d d i t i o n ,  however, 
i t  c o u l d  a l s o  s e r v c  'is d p l a t f o r n i  f o r  a  b r o a d  p u b l i c  d i a l o g t i e  c o n d u c t e d  
b y  e x p e r t s  on  f undsvicn:,.~ 1  t e c h n o l o q i  c a l  deve lopment  t r e n d s .  Such a 
S c i e n c e  C o u r t  wou l i i  c o r r e s p o n d  e s s e n t i a l l y  w i t h  t h e  concept  o f  an 
i n s t i t u t i o n  f o r  t h c  e v : j l u a t i o n  o f  t e c h n o l o g i c a l  deve lopment  i n  t h e  f o r m  
o f  an  i ndependen t  ~ 1 . i v i  s o r y  body, a s  p r c p o s e d  b y  one a u t h ~ r  ( M e i n o l f  
D i e r k e s )  on  t h e  o c r - ~ s i c n  o f  a  h e a r i n g  b y  t h e  Commi t tee  f o r  Research  
and Techno logy  o f  t i c  Lower House o f  t h e  German ~ 3 r l i a m e n t l O .  Moreover ,  
t h e  e x t e n t  t o  u h i c l :  t h i s  S c i e n c e  C o u r t  model  m i g h t  be l i n k e d  t o  o t t i e r  
p r o p o s a l s  s h o u l d  b c  ir.~\,:;st i g a t e d  ; i n s t i t u t i o n a l  d o v e - t s i  l i n g  o f  a  
S c i e n t i s t s '  PdrL, i~ : : ; :n t  ,ifid a s c i e n t i f i c  c o u r t  would, f o r  exdmpls, L e  
c o n c e i v a b l e .  
I n  c o n t r a s t  t o  t h i s  concept,  wh i ch  sees t i l e  f u n c t i o n  o f  t h e  S c i e n c e  
C o u r t  v e r y  much as  .1r1 a ~ v i s o r y  b.ody i n  t t i e  f i e l d  o f  r e s e 2 r c h  p o l i c y ,  
t h e  t h i r d  v a r i a n t  (i.iC!DEL 111)  c c j n s c i o u s l y  tal ;es a s  i t s  s t a r t i n g  p o i n t  
t h e  "cJradua1 u c p o l i t  i z s t  i o n "  o f  r e s e a r c h  p o l i c y  deve lopments  by 
e v e r - i n c r e a s i n g  tit i l i z a t i o n  o f  c i v i  1  and a d m i n i s t  r a t i v c  c o u r t s  i n  
t h e  f i c e  o f  t t ;c  i n c r e s s i n g  s c i e n t i f i c  and s c . c i ~ l o c l i c a ~ l  c o m p l e x i t y  
o f  cases. ~ l l t ~ o ~ r g t i  nobody brishes t o  d c p r i i ! ?  t i t ?  i n d i v i d ~ r a l  c i t i z e n  
o f  h i s  r i g h t  t r ?  b r i r ? g  l e g a l  p rocec i l i r i gs  s g , ~ i n s t  t h e  e F f e c t s  o f  t h e  
broad a p p l i  ca t  i r i n  o f  riel.: t e c h i i ~ l ~ ~ i ~ s  where t h e y  r e s t r i c t  h i s  l e g a l l y  
guar ;~r i teed r i ~ h t s ,  i t  n;l.~st bc coiiceded, on t h e  o t h e r  hand, t h a t  i t  
becones d - i f f i c ~ r l t  t o  weigt,  I J ~  tkc! p r o s  and c m s  :.there a  f i r n r l y  
e s t a b l i s h e d  s t r i e s  o f  c i v i l  laws ,>re c o n f r o n t e d  b y  a broad  rariqe o f  
s c i e n t i f i c  .mc; t e c h n i c a l  i n f o r n a t i c n  r e l a t i o n  t o  wh ich  i t  i s  o f t e n  
o n l y  on t h e  b;lsis o f  CI h i g h  l e v e l  o f  s p e c i a l i s t  knowledge p o s s i b l e  
t o  d c t c r m i n ?  t h e  e x t e n t  :o wh ic i i  p a r t i c u l a r  r u l e s  a r e  i n f l u e n c e d  
8 t  211 b y  p ~ r t i c u l ~ i r  e f f e c t s .  I n  q e n c r a l ,  t h e  t a s k  o f  t h e  j udge  i s  
t o  examine t h c  e x t e n t  t o  wh ich  p a r t i c u l a r  r u l e s  can be  a p p l i e d  t o  a 
p a r t i c u l a r  s i : l .~ i : t ion.  111 d c t e r m i n i r r g  t h e  f a c t s ,  a s  i n  e v a l u a t i n g  
t h e  evidence, (t i i t .  p r i n c i p l e  o f  t h e  f reedom t o  assess  t h e  ev idence )  
c r i t c r i a  t h a t  :!re u e l l  e s t a b l i s h e d  f r o m  e v e r y  d a y .  p r a c t  i c e  a r e  used 
which, a l t h o u ~ ' 1  n o t  h e l d  t o  h41vc t o  corilply w i t h  s c i e n t i f i c  v a l i d a t i o n  
c r i t e r i a ,  ? r e  I- IPVCI-thelcss expectct:l t o  prc lve t h e i r  w o r t h  i n  cases o f  
cont rn \ . /c . r : i '~ l  z ( : i c n t i f i c  opini0;1s - as, f o r  example, w i t h  r e g a r d  t o  
t h e  d i s p ~ l t e d  r iocs t  i c n  of  a c c o u n t s b i  li t y .  Svch r u l e s  conce rn in9  appor- 
t ionrncrit r111rI r . , ~  ! l u  : t  i o n  becorne p r c i ~ l e r n s t  ic, hcuejler, when t h e  j udqe 
can no Lonyicr r:: ly c n  t h e  p r i r ~ c i r i l c s  o f  r:v:.;.y t i : i~ /  expe r ience .  T.his 
, i s  c t t e n  t h c  c..-.:,c :.:he:-c : ~ ; s t t e r r ,  07  J s c i c r l t i f i c  2nd t e c h n i c a l  n a t u r e  
arc. a t  i s s ~ l e ,  t i l e  d i f f e r e n t  juc ignci i ts  r e l ~ t i ~ i g  t o  p r o t e c t i o n  a b a i n s t  
b u r s t i n g  i n  ni.cle::r F ) G . J C ~  s t a t i o r i s  a r e  a  go:,:1 e x ~ ~ n p l e  o f t h e  d i f f i -  
c u l t  i e s  e n c o u r ~ t e r c t l  t hcse  days  by those .  hand ing  doun judgments  i n  
t t ~ i s  , ~ r e i l  ; t i er.2 no r i ~ I . t ?s  f o r  e ~ ~ i l u a t i r i g  i ssues ,  secu red  t h r o u g h  
mJny y e a r s  o f  j 1 - 1 c l i  ii;)! ! . . r ~ c t  i c c   id wti ic l l  gi.roraritee an i n v i o l a b l e  
r e l ~ t  i o n s h i p  L,ctc:ccr~ I:!ri. i ss t !c  and expe r ience .  The dangers  o f  p l a c i n g  
exct>:.--ivt: r c l l , ; ~ l c c  c:i t r .  . d i t  i ~ i i a l  r;lse Law a r c  c l e . i r  : c o n t r c v c r s i a l  
jurl!~;-:>ts i-?!!I ; ' . !  ; . ! : h l i c  c ~ n f  idpricr.. i n  r e s e ~ r c h  p n l i c y  and l e g d l  d e c i -  
sion:;, an(! I I C / ~ ! I ~ C I ;  t l rc  i m p r c s s i o f i  o f  a rb i t r - ;~ r i r i t . ss .  
For t ' i i ;  r r - I : .  .I,.  ti!^ ; c icncc  Coi.rrt model I 1 1  prc j \ / ides  f o r  CI more 
pron,:i::icsrl c l ~ - ; ~ - s c  c f  ~ ~ ~ > r t i c i ; ) ; i t i o r i  on t h e  p a r t  o f  s c i c - n t i f i c a l l y  ;rnd 
t c c t ; n i c ~ l  i;. t r .  int-ci L y  j ~ ~ d n e s .  I t  i s  n o t  acs~~r ; ; cd  t h . l t  p u t t  i n ?  
; p ~ c i , ~ l i  s t r; oi:  t i l e  i > . ~ n e l  o f  j udgec, b rou ld  p roduce  more o b j e c t i v e  
d e c i  ? i o n s  ,I;-:ri ; r1lti::; tli;it a r e  v a l i d  f o r  a1 1  t i m c !  ; t loi~ever,, there a r e  
4rocjnr ls ' f t~r-  b: l i e l / i i l l l  i i i c l t  t h i s  c o u l d  l e a d  t o  dec i s ion -mak ing  p r o -  
r,crsp:; tt l.~:: .I; - 3;!c1i'm.s :!:f i c i c n t  f r q r : ~  t l ~ e  po in t .  o f  vic\ . i  o f  t ime,  and 
s c i c n t i f i ~ ~ ~ l l ~  I ! c t c r  L~, t lanced.  tlowevcr d i f f i c i r l t  agreement among 
s c i c n t  ist . ;  t > * t S :  l ,ec : l  mLidc t h e s e  d ~ y s  by c p c c i a l i  2 , 1 t  ion, W C ~  may n o t  
concl t rde frc-vi t l t i s  t h a t  s c i c n t  i f i c  laymen - and t l ~ i s  i s  what j udges  
i n  ttir c i v i l  . . ( I  ; ~ t I l n i n i s t r ; r t i v e  co11rts a r c  i n  n;,iliy i l . ls tances - are  
i n  a t,ettc,r- [ I .  . . i t i o n  t o  u ~ i d e r s t a n d  s c i e n t i f i c  e x p e r t s  more c c l r r e c t l y  
than .I r e ; ~ r ~ r ; ~ . . i t , > t i v e  o f  a n o t h e r  c l i s c i p l i n e .  I t  i s  p r ~ e c i s c l y  t i l e  
p r , l c t  il:e :,!f i) i s . i c  t r ! e o r c t i c a l  r c e t t ~ ~ d o l o ~ i c s  wh i r l1  w i  L l b e t t e r  i ) r o n @ t e  
;I p p r l  il.lent r5; i LuCr i  o n  o f  s c i e n t i f i c  d a t a  r i ~ t t i e r  t l r Jn  a  s c ' i e n t i f i c ; ~ l  l y  
" t a i r ~ t c d "  :l:;51.:;;ment ntode 1. 
Many d e t a i l s  o f  t h i s  model a i s o  r c w a i n  u n c l e a r .  i i o ~ e v e r  d e s i r a b l e ,  on 
t h e s e  grounds, e s t ; g l i  shnent  o f  sucn s o e c i . 3 i i z e d  courxs, wh ich  may b e  
more capab le  o f  d o i n g  j u s t i c e  tc. t h e  ~r!ar;ifo!d t .3sks and p rob lems  o f  a  
rcodern i n d u s t r i a l  satiety w i t h  r cg .? rd  t o  ,;c:ic:,;cc 3:1d t c c h n o l ~ g y  :hsn 
c o n v e n t i o n a l  j u d i  c i  -:l i n s t  i t u t  ;o!ls,, m:iy . ? : ~ ; ? ; l r ,  , , t hc r;oci !~ l  ccnsequences 
o f  such a concept c i .  t h e  Sc ience  l i . i : r - t  nrcl:f cq~,c;L 1:) be t - ken  i n t o  
c o n s i d e r a t  i on .  What s t a t u s  s h o u ! ~ i  t tlc Science Cour t  be accorded, f o r  
example, s h o u l d  i t  be s? t  up a s  :! h i g h l y  d e p a r t m e n t s l i z e d  i n s t i t u t i o n  
comparable t o  t h e  system o f  labcut-  c u r t s  o r  rc igh t  i t  n o t  be k t t f r  
f o r  t h e  Sc ience  Cour t  t o  a c t  c n t y  i ~ t  ,I Leve l  ccrnparsble t o  t h a t  o f  
an 0 b c r v e r w ~ l t u n g s ; : - r i c i i t  ( I l igher -  \ t - i . n i n i s t r ; ! t i ~ e  Cour t ) ,  w i t h  2 t ~ i o w  
t o  t a k i n g  s c i c n t  i f  i c dcc i s i c :7s  c f  r11.c:-3t csnseq~ lence ; who s h o u l d  t a k e  
p a r t  as  a I;!./ j c c i l e  i n  t h e  procl,;i:!ir??s o f  i l ic  Sc iencc  Cour t  ; t o  c!hst 
e x t e n t  s h o u l d  c e r t a i n  s c i c . n t i f i ~ : ~ i l y  cr icn:ed chances i n  t h e  q u a l i -  
f i c a t i o n s  o f  Lawyer.: be e n c ~ u r a ~ 2 : l   uho s h o u i d  d e c i d e  wh ich  cases 
shou ld  be d e a l t  w i t t i  by' ti i ,e t r a r i i c  i ~ : i r i i .  c o u r t s  and ~ ~ h i c h  b y  t h e  
Sc ience Cour t  ; the1.c a r e  no  evici:'rit I.!; ! ' c i ~ ; 1 1  s o l u t  i c n s  t o  a 1  1  t h e s e  
problems-. Tlie f i ~ n i f ; ?  Ld d i  f f  i c u l t j c s  i n h e r e n t  i n  ; ) o l i t  i c a l  c c n s u t t a -  
t i o n s  o f  J s c i e n t i f i c  na tu re ,  rc~-.;:c:h ;!;ti technology c o n s u l t a t i o n s  
and t h e  app 1 i c ; l t  i o n  and f c j r t h e r  ..ii.~.cI.i-l~rl,:,~i nf  t e c h n i c a l  knok ledge  
make f u r t h e r  d i scus : ; i on  dnd sec r r c l~  for. p~:r;i b l e  s o l u t i o n s  m a t t e r s  o f  
u r g e n t  n e c e s s i t y -  A ! l  t h r e e  verr 'c ln: o f  ;I:p 5c ie r i ce  Cour t  model 
m igh t  w e l l  s c r v c  a s  a c o n t r i b u t i c : :  t o  L i l i : .  
1 )  5c.e i r ~ i : c r  d!ia, D i e r k e s ,  ;.I., Plariklrrq des t c c l ? n i  schen F o r t s c h r i t t s  - 
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ANALYSIS OF CURRENTS OF INFORMATION WITHIN THE FRAMEWORK 
OF THE CYCLE OF SCIENCE-TECHNOLOGY-PRODUCTION 
E. Albrecht*, Ch. Otto 
Scientists have for long been concerned with the analysis 
of innovation periods. Thus GILFILLAm, LYNN, DOBROW, LISICKIM 
and U S F I E L D  have been trying to verify the thesis that in 
the 20th century the innovation periods were considerably 
shorter than in previous centuries. In more recent times, 
however, more and more objections have been raised against 
such a thesis. Indeed, the theoretical and methodological 
foundations used as a point of departure for such studies were 
developed only insufficiently. 
The above-mentioned authors, in determining the rate of 
the innovation process, have used the period between the dis- 
covery of a new principle of effect and its conversion into 
large-scale production as a criterion for their studies. In 
most cases these are basic innovations, i.e. those innovations 
necessitating the establishment of new industries. The short- 
ening of periods sufficient for putting these innovations into 
practice, as was proven by above authors, will have to be 
attributed to various reasons, among others to the purposive 
and dedicated control over these processes. 
In connection with the motivated formation of theoretical 
and methodical principles characterizing our own standpoint it 
is contemplated to show the problems involved in the selection 
of such an indicator and to point to the falsity of scientific 
and economic conclusions obtained as a result of the hypertro- 
phic nature of the statement. 
* Sektion Wissenschaftstheorie und Wissenschaftsorganisation der 
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Our concrete argumentation will be based on the analysis 
of the development of synthetic fibres carried out by us, In 
pursuit of this aim we proceeded from the consideration that 
the analysis of currents of information on the basis of "Science 
Citation Indexn and patent literature provides the possibility 
of checking the conclusiona derived from our theoretical model 
of the cycle ltScience - Technology - Productionw. 
The metamorphosis in the relationship between science and 
production proceeding apparently under the conditions of the 
scientific and technological revolution permits to recognize 
the following: The more complicated the processes, structures 
and regularities used technically and technologically in the 
production process are, the more urgent is the theoretical 
understanding to be available as the indispensable premise for 
controlling these phenomena in practice. This idea points to 
the generalizing statement that the transition from the classi- 
cal factory system to fully automatic production requires not 
only a revolution in the sphere of technology, but even a 
revolution in science. 
In conformity with this statement, in our view, a complete 
cycle of 'Science - Technology - Production1 comprises the 
formation of new theories, the discovery of new regularities 
and phenomena of objective reality and their subsequent step- 
wise technical, technological and economic utilization, in short, 
the process of revolution in science and by means of science. 
Its major phases are: development of theories, technical im- 
plementation, economization and industrial expansion. /2/ 
Tihat are the methodical implications to be derived from 
this for detemining the innovation periods? 
First, it is necessary to classify innovations in terms of 
their theoretical premises, i.e. innovations that would require 
a scientific revolution should be treated as a specific class of 
innovations in comparison with others. Second, the discovery of 
a principle, or an effect, would have to be included in the 
development of those theories that would permit to explain 
these discoveries. 
Nuclear energy, electronics and synthetic materials are 
undoubtedly innovations that contribute to characterizing the 
nature of the scientific and technological revolution. But in 
the same way as nuclear energy and electronics present them- 
selves as the technical materialization of findings of quantum 
physics, synthetic materials constitute the outcome reached by 
the technical application of the findings of macromolecular 
chemistry, i.e. of new theories that have evolved only at the 
beginning of our century. 
However, this fact is not considered in the analyses of 
above scientists; they give, e.g. the innovation period for 
polyfomaldehyde with 99 years, whereas that of nylon with only 
3 years. /3/ Indeed, polyformaldehyde waa prepared for the first 
time in 1859. But this year would not be correctly chosen for 
the calculation of the innovation period because at that time 
the theoretical foundations were still inadequate to be able to 
understand the conversion of monomers into polymers. The pur- 
posive industrial production of this high polymer has become 
feasible only in the middle of the 20-ies after the formulation 
of the theory of macromolecules. 
Thus, methodologically, it would be incorrect to take the 
sheer discovery of a principle of effect, or the synthesis of 
a substance, as the starting point of a process of innovation. 
A new theory prompting a scientific revolution can be considered 
the decisive theoretical premise for a series of innovation 
processes. 1) 
This new theory will provide a stable and safe foundation 
for decades both for research and for technological development. 
Of course, within this process the theory will be subject to 
further development, and its dynamics will become obvious in 
the wake of interactions of global research programmes. 
'~his is not intended to assert that all innovations of our 
time will be directly or indirectly initiated by scientific 
revolutions. 
This statement has become especially clear as 2 result 3f 
the studies on rates of quotations carried out by us2) for the 
Nobel-prize-winners for macromolecular chemistry (H. Staudin- 
ger - 1953; K. Ziegler and C. Uatta - 1963 and J. P. Plory - 
1974) on the basis of the "Science Citation Indexw. As a result 
of this analysis it was possible to recognize that in the pro- 
cess of theory evolvement in principle three various types of 
research programmes have to be passed through. While the first 
programme is concerned with the creation of the theoretical 
basis, the acquisition of fundamental abstract-theoretical 
findings providing the framework for additional research, the 
second programme is characterized by an intensive penetration 
into the microprocesses of objective reality, notably by the 
revelation of new structural principles, and the third programme 
will take account of the objective demand for a systematization 
of the theoretical knowledge thus accumulated. The dialectics 
of dynamics and stability inherent in the process of cognition 
becomes apparent in the succession of these research programmes. 
In this context there is another problem: In the literature on 
science of science it is sometimes maintained that the "half- 
life periodw3) of scientific information would presently be 5 
/4/ to 7 years, for natural sciences only 3 to 4 years . 
However, this view cannot be considered to be generally 
applicable to any kind of scientific finding, since it is neces- 
sary to allow also for qualitative aspects when estimating the 
obsolescence of scientific information. 
2)1;i~en assuming that a scientific theory constitutes a system 
of information and that its further development will mainly 
proceed via certain currents of information between 
scientists, conceding that these currents of information 
will surface in the form of scientific publications, the 
volume of the scientific literature may serve as an 
indicator of these currents of infomation. 
3)~y the term Ithalf-life periodn we understand that period in 
which the intensity of the use of information is lowered by 
half. 
The study carried out on the basis of "Science Citation 
Indextt has shown that fundamental scientific ideas prompting 
revolutions in science and leading to the formation of a new 
paradigm 15/ in the course of decades will leave behind great 
effects in the various fields of science. This fact can be 
clearly proved, for instance, by the number of quotations of 
scientific papers by H. STAUDINGER, the founder of macromolecu- 
lar chemistry. 
Fig. 1 shows the number of quotations of H. STAUDINGER 
contained in the "Citation Indext1 of "SCIU of the years 1969 
till 1 9754) in dependence upon the year when these publications 
were made. The total number of quotations within one year will 
thus be obtained from the sum of points recorded per each five- 
year period and thus forming a polygon. It ie strange, however, 
that at present the most frequently quoted papers by H. STAUDIN- 
GER are those published in 1916 and 1926. This is the period 
when he laid the theoretical foundations of macromolecular 
chemistry that provided the scientific prerequisites for the 
synthesis of high polymer materials. It is worth noting that 
although some 50 gears have since passed H. STAUDINGER belongs 
still to the world1 s 500 most quoted scientists. This can be 
taken from an analysis by E. W I E L D  who had ascertained for 
H. STAUDINGER a quotation frequency of 3,325 for the period from 
1961 to 1975. /6' The average quotation frequency over these 15 
yeers accounts thus for 221. Viben comparing this figure with 
the average quotation frequency of 201 determined by us for the 
years 1969 till 1975 it becomes clear that only a slight decrease 
had happened. This would mean that fundamental findings mill 
retain their scientific generality over decades because of their 
paradigmatic character and they have the capacity to encourage 
productivity also among the next generation of scholars. Row 
let us address ourselves to another problem which plays a pivotal 
role in the analyses on innovation periods in a methodological 
respect: the determination of the terminal point of innovation 
processes. 
4)~he study has to be confined to this period since tfSCItt has 
become available in the GDR only after 1969. 
Here the technical implementation, sometimes also the trans- 
fer of the outcome of research into large-scale production is 
taken as a criterion. When e.g. for nylon three years are given 
as the innovation period, this would cover the period between 
the registration of the basis patent (1935) and the beginning 
of large-scale production (1938) with Du Pont. 
In our view, however, the process of basis innovation is 
considered to be relatively terminated only with the transition 
to mass production. And large-ecale production does not yet mean 
mass production. 
The term 'mass production1 comprises first the definition 
of the concrete needs of users and in the second place the ter- 
ritorial expansion of the new process, or new products. New 
products tend to cause a substitution effect. From the economic 
standpoint a substitution would be sensible, if the new product 
could be produced at a cheaper rate than the old one. Under the 
aspect of performance characteristics it is intended to achieve 
new, or comparable physical, mechanical, or chemical properties. 
But the development of the different needs of users is 
done only step by step. While e.g. nylon was used for the produc- 
tion of ladies' stockings already in 1938, the production of 
nylon tyre-cord was started only at the beginning of the 60-ies. 
A complex study, as conducted from the standpoint of our 
cycle model, refers to the necessity to regard the synthetic 
mass fibres, including also the polyamid- the polyester- uld 
polyacryl nitril fibres, as one class of innovation processes. 
According to its economic nature this class has to be designat- 
ed as a basis innovation. 
At present all the prognostic estimates proceed from the 
fact that in the next few decades we have to reckon with a stable 
assortment in the line of chemical fibres. In recognition of 
this statement it is therefore required to improve the technolo- 
gy, i.e. to ensure a cheaper production of mass fibres, and to 
modify the present-day mass fibre materials with a view to 
extending the range of fine-type fibres. 
Here we have taken a specific interest in the life cycle of 
basic technologies required for the production of mass fibres. 
When analyzing the development of a definite technology it be- 
comes obvious that various basic processes are practicable. But 
once a process has been introduced it will be substituted only 
when the possibilities have by far been exhausted. Then con- 
sidered over a longer period, we obtain series of technological 
variants TI-- Tll -- T12 .be=- T - -  2 Tpl , where the transition 
from one link of the series to another one is designated by the 
partial supplementation of a definite basic technology. 
Thus e.g. for polyester fibre production three different 
basic technologies are known which can be schematically described 
as follows: 
Basic process No. 1 
DMT + EG esterification, DGT + methanol 1 polycondensat ion 
PETP 
Basic process No. 2 
TPA + EG direct esterification DGT I + H20 
polycondensation 
PETP 
Basic process No. 3 
TPA + EO ox-ethylation, DGT 
polycondensation 
PETP 
This is the meaning of abbreviations used: DMT = dimethyl- 
terephthalate; EG = ethylene glycol; DGT = diglycol terephtha- 
late; TPA = terephthalic acid; EO = ethylene oxide; PETP = poly- 
ethyleneterephthalate (= polyester). 
It was of interest to us to analyze the activities of 
research done for the development of these technological basic 
processes under informational aspects. A study on the frequency 
of patent registration specifically conducted in the U.S., U.X., 
the FRG and the GDR - the major historical carriers of this 
development - allowed to recognize the following: The process of 
accumulating the scientific and technical information ranging 
from the registration of basis patents up to the maxirmun techni- 
cal and technological utilization of a basic process (TI, T2 ...) 
comprises a period of some 25 years (cf. Pig. 2 and 3). 
This process is not of an exponential type, but is rather 
noted for periods of differently intensive research activities. 
The general course of development is equal to an undulatory 
movement. This phenomenon to be found equally in all countries 
under study suggests the existence of certain regularities in 
the dynamics of the technical development and, in our view, 
should be explained as follows: In the first period of develop- 
ment of a technological process the research activities are 
centered on the collection of a as far as possibly wide range 
of modifiable technical solutions. On the basis of the measures 
to use these technical solutions industrially the research 
activities will be shifted in the direction of raising the 
rate of efficiency of the processes introduced. Especially the 
latter point mentioned is fast assuming specific importance 
under economic aspects. 
Here the step-by-step improvement of a process is expressed 
especially by the transition from discontinuous to continuous 
processes, by the increase in yield, the introduction of process 
control as well as by the increase in the capacity of plants. 
Thus e.g. the benefit of continuous processes compared 
with discontinuous processes in the production of polyester 
fibres is to be found mainly in the quality of products ob- 
tainable and in the economy. 
The following table shows the results of a comparative 
technological and economic analysis with regard to the costs 
for the continuous and the discontinuous process on the bssis 
of DKT (Basic process No. 1 ) . 
C o s t s  Total production chemical part 
Investments 
Enterprise production 
costs 
for processing 
labour involved 
not 
ascertained 
64.0 
55 0 
Table: Costs incurring during the production of LASU-polyester 
fibres according to the continuous process (in % of the 
/7/ costs incurring during the discontinuous process)/ 
Pig. 2 shows that the research activities designed for the 
partial supplementation of this first basic process for the 
production of polyester fibres have receded since the middle 
of the 60-ies and have been shifted increasingly to the basic 
process No. 2 already under preparation, Though this second 
process has been bnown since 1941, any processes based on 
terephthalic acid gain increasing importance only when it had 
become possible to produce terephthalic acid on a large scale 
and in required purity and to overcome the difficulties related 
to the insolubility of terephthalic acid in ethylene glycol. 
The same applies to the third basic process, the most pro- 
ductive process which, however, involved a number of technical 
problems. The registration of the basic patents was done in 
Great Britain in 1947, But this process has been prepared for 
use only since 1960 and was first tested in pilot plants by the 
Japanese firms Teijin Ltd. and Toyoba Co. 
Still in 1971 80 % of the world production of polyester 
fibres was done according to the basic process No. 1. 
This fact shows that although society has at its disposal 
a stockpile of technical solutions they can be translated into 
practice only after fulfilling certain conditions. These condi- 
tions involve the adequate materials and technical prerequisites, 
but also the consequences derivable from economic goals. The 
specific social conditions determine also the time when a scien- 
tific and technical development has to be taken up in the indi- 
vidual countries and lead to the formation of peculiarities in 
the dynamics of the scientific-technical progress in these 
countries. 
The outcome of studies thus obtained permit to recognize 
that the scientific and technical progress is characterized 
both by factors of dynamics and stability. Obviously basic in- 
novations which result in a substantial change in structure of 
the economy are feasible only within greater intervals. 
From the standpoint of scientific and technical policy 
important questions of decision-making arise in e.g. deter 
mining the proportions between the expenditure required for 
improving an introduced technology and that for the introduc- 
tion of a principally new technology. When proceeding from the 
recognition that under present-day conditions a fundamental 
progress in the development of the productive forces can be 
achieved only as a result of a long-term strategy covering a 
time horizon of 30 to 40 years, it would imply that for any pe- 
riod of planning the research programmes will have to be for- 
mulated with different objectives, e.g. programmes for the in- 
vestigation into new principles of effect, for the development 
of technical prototypes, for the transfer of technical proto- 
types as well as for the technical and technological complemen- 
tation of current production. 
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MANAGEMENT OF INNOVATION IN INTERDISCIPLINARY FIELDS 
Hajime Eto* 
1. FOUNDATION FOR MANAGEABILITY OF TECHNOLOGICAL INNOVATION 
It is often said and might be true that our basic knowledge 
has remained foundamentally the same in these thousands years. 
This leads to another statement that any breakthrough or innova- 
tion is just a combination of existing knowledges or just a 
transfer or application of existing knowledge from a field to 
another. This statement may be included in a widely accepted 
historical recognition that any jump in our history of knowledge 
is just an integration of many infinitesimal steps. This yields 
a possibility that technological innovation is controllable under 
proper management of the infinitesimal steps. 
It is also widely recognized among science historians that 
any scientific finding can be explained as a product of efforts 
for solving the confronting problem which was theoretically or 
socially urgent at that time. This means that, independently from 
motivation of individual scientists, a scientific finding is 
target-oriented. Hence a proper target orientation is expected to 
guide science in an effective manner. 
2. ALTERNATIVES FOR GUIDANCE IN SCIENCE AND TECHNOLOGY 
This guidance has long been done for both basic and applied 
science by each professor or research director. One of its most 
successful examples is the guidance by Niels Bohr in physics. As 
the number of scientists increases, however, it becomes more dif- 
ficult to have a proportional number of professors and directors 
who are eligible for the guidance. Hence a systematic guidance 
may be needed even in basic science. There are two alternatives 
for this purpose; one is informational and the other is institu- 
tional. A science information system is an alternative to assist 
* Institute of Socio-Engineering, The University of Tsukuba, Japan 
a scientist to find a promising topic. The other alternative is 
to launch a new and appropriate field whereto young scientists are 
expectedly attracted. The knowledge accumulated in existing fields 
is to be transferred thereto and is to be reorganized therein 
through this flow of scientists. 
3. TREND OF SCIXNCE REORGANIZATION 
One of the most remarkable trends in basic science is the 
rise of new basic sciences such as earth science and life science 
all over the world. Another trend is the rise of mission-oriented 
sciences such as environmental science and systems science. Many 
institutes for life science were established to promote research 
in this field. It goes relatively well since their establishment 
because it is purely the matter of science. In contrast some 
managerial problem arises with the mission-oriented sciences 
because they are involved with policy formation activities beside 
purely scientific activities. Hence some governmental assistance 
may be needed. As a matter of fact some governmental assistance 
or even intervention is seen in many countries; for example, space 
science in U.S. and policy science in Japan. 
4. ORGANIZATION EFFORTS FOR NEW FIELDS 
As computers came to wider use, many universities launched 
new departments called computer science, information science or 
informatics in late 1960's and early 1970's which train program- 
mers and system engineers in computer hard- and software. With 
wider spread of computer applications, another type of systems 
analyst is demanded who can integrate knowledges in various fields 
for problem solving in a quantitative manner with aid of computer. 
This field is now named in various ways. In higher education, 
Tokyo Institute of Technology launched a graduate school of systems 
science as a new field of integrating science and technology in 
1974, and the University of Tsukuba and Saitama University launched 
graduate schools of policy science in 1976 and 1977 respectively. 
In national technology planning the Science and Technology Agency, 
t h e  Prime Minis te rs  Off ice  of Japan generated a  new word " s o f t  
sc ience"  i n  1971 which is a s c i e n t i f i c  method t o  i n t e g r a t e  t h e  
knowledge ( i n  p a r t i c u l a r ,  hardware technology and s o c i a l  s c i e n c e )  
f o r  long-range planning.  
Def in i t i ons  of information sc i ence ,  systems s c i e n c e ,  p o l i c y  
sc i ence  and s o f t  sc ience  remain unc lea r  y e t  d e s p i t e  some organized 
e f f o r t s .  Judging from t h e i r  a c t i v i t i e s  i n  these  p a s t  y e a r s ,  
systems sc i ence  i n  Tokyo I n s t i t u t e  of Technology is no t  p o l i c y  
o r i e n t e d  but  a n  i n t e g r a t i n g  technology, and p o l i c y  sc i ence  i n  t h e  
Univers i ty  of Tsukuba n e g l e c t s  t h e  r o l e  and c o n t r i b u t i o n  of tech-  
nology i n  and t o  t h e  f u r t h e r  s o c i e t y  whereas s o f t  s c i ence  of 
Science and Technology Agency focuses  technology p lanning  and 
assessment.  
5 .  DEFINITION OF blETHODS AND SCOPES OF NEW FIELDS 
A s  u n i v e r s i t i e s  a r e  a d m i n i s t r a t i v e l y  autonomous and f i n a n c i a l l y  
supported f u l l y  by t h e  government, t h e  graduate schoo l s  of systems 
sc i ence  and po l i cy  sc i ence  a r e  n o t  forced  t o  d e f i n e  t h e i r  scopes 
and methods. I n  f a c t  t h e  graduate school  of po l i cy  s c i e n c e  i n  t h e  
Un ive r s i ty  of Tsukuba which s t a r t e d  j u s t  i n  1976 has made no e f f o r t  
f o r  i t s  d e f i n i t i o n  y e t .  I n  c o n t r a s t  some f a c u l t y  members of t h e  
graduate school  of systems sc i ence  i n  Tokyo I n s t i t u t e  of Technology 
formed a  p r o j e c t  team wi th  s c i e n t i s t s  ou t s ide  which is t r y i n g  t o  
de f ine  systems sc i ence  i n  terms of thesaurus  of t h e  key words (key 
concepts)  and i t s  o t h e r  f a c u l t y  members a r e  t r y i n g  t o  c o n s t r u c t  
t h e  genera l  t heo ry  of systems a s  wel l  a s  t heo ry  of gene ra l  systems 
wi th  s c i e n t i s t s  o u t s i d e .  
The Science and Technology Agency took another  s t e p  f o r  t h e  
same e f f o r t  and made a  c o n t r a c t  wi th  I n s t i t u t e  of Future  Technology 
f o r  d e f i n i t i o n  and promotion of s o f t  sc ience  i n  1971 - 74. The 
I n s t i t u t e  s e n t  q u e s t i o n a i r e s  t o  s c i e n t i s t s  who i d e n t i f y  themselves 
a s  s o f t  s c i e n t i s t s .  The r e s u l t  was t h a t  s o f t  s c i ence  is t o  s o l v e  
t h e  p r e s e n t l y  c r i t i c a l  problems wi th  methodological a i d  mainly of 
systems engineer ing ,  management sc i ence ,  computer s c i ence ,  ecology 
and l i f e  s c i ence ,  and behaviora l  s c i ence .  
In 1976 the Science and Technology Agency made the second 
Delphi technology forecasting over five major fields (food and 
resources, energy, industrial technology, information and frontier) . 
Soft science was included in the frontier field as one of its four 
subfields (space science, oceanic science, life science and soft 
science). The Delphi survey of soft science was composed of two 
parts. One was to locate the problems to which soft science can 
contribute. The other was to forecast the progress of soft science. 
As to the first part, urban redevelopment, environment protection, 
hazard protection, resource, energy and food security were denoted 
as the major problems to which it is expected to contribute. 
Whereas international crisis, domestic conflict and societal 
frustration were not expected solvable by soft science. As to the 
second part of the survey, soft science is expected to make the 
fastest progress in evaluation and assessment of new technology, 
the second in forecast of civilian opinions and of socio-psychological 
changes . 
These prospect and idea of soft science are not implemented yet. 
The Science and Technology Agency is just for planning and its 
implementation is left to other ministries and agencies (industrial 
technology to Ministry of International Trade and Industry, trans- 
portation technology to Ministry of Transportation etc.). For that 
reason soft science remains just a concept and is left to spontaneous 
effort under existing education and research system. 
6. PROBLEMS OF TRAINING SYSTEM IN NEW FIELDS 
Education and training is not only a matter of school and 
university but a matter of job. There are many jobs on which 
young engineers are well trained and there are also many jobs 
which are for well trained policy scientists, systems scientists 
and soft scientists. However young policy scientists, systems 
scientists and soft scientists are seldom offered jobs on which 
they are well trained. Industry and governmental offices explain 
that they do not offer them such jobs because they have no senior 
staff to train them at present. Hence, in place of on the job 
training in industry and in governmental offices, casestudy-based 
instruction method may be needed at schools and universities. 
In fact the graduate school of business at Harvard, Keio and some 
other universities take this method. However, few university 
professors are experienced with real problems. Hence personnel 
exchange between real world and academic world is needed but this 
is hardly acceptable ts the both worlds. 
The graduate school of policy science of the University of 
Tsukuba solved this difficulty in a peculiar way. That is a 
tentative oneway transfer of governmental officers. In more 
detail a few government officers are rotated to the University of 
Tsukuba and Saitama University which are national universities and 
whose faculty are accordingly governmental officers in title, and 
after a few years duty there they come back to their original 
offices. In such a way the first step was initiated by the 
government though it is hardly expected to proceed to the extensive 
personnel exchange system. The most critical barier for that lies 
in the closedness of academic world and on the side of Ministry of 
Education which decline to offer permanent jobs to those staff.in 
industry and government who have no teaching experience. This 
problem of personnel exchange will be the key of success in new 
fields. 
7. CHANNEL FOR INTEGRATION OF SCIENTIFIC INFORMATION 
Scientific information needed in a new field comes from 
various existing fields. This information channel is not estab- 
lished yet. Computerized data bank of scientific information is 
a solution for that. One of its critical demerits lies in its 
inflexibility for possible future change. Another solution is to 
have an ad hoc symposium for a respective topic. It is often 
found in a symposium that some information which is quite common 
in a field is surprisingly unknown in another field. As a third 
solution a new interdisciplinary field is a forum where informa- 
tion is exchnnged between various fields. Maldistribution of 
information is therethrough dissolved. 
As interesting effort is being made in systems science and 
soft science to establish new vehicles for information transfer. 
Systems science is trying to construct a general systems theory 
which generalizes and systematizes methods of various fields. 
If it should be successful in any sense, then it is expected to 
serve as a common language or as an interpreter between different 
fields to some extent. On the other hand soft science which 
defines itself sometimes as an integrator of intellect (e.g., 
intellectual technology by Daniel Bell, Columbia Uniarsity) 
organizes scientists in an ad hoc manner from various fields whose 
extent depends on each problem and therethrough provides a forum 
for information exchange. 
Graduate School of Policy Science at Saitama University is 
aiming at integration of information science, economic science, 
political science, sociology and socio-psychology, and policy 
analysis in a systematic manner. This is also expected to serve 
as an information forum. 
8. APPLICATION ORIENTED BASIC SCLENCE 
The meaning of "basic" in the word of basic science is quite 
unclear. Physics is undoubtedly a basic science but some of its 
knowledge bases no other sciences and technologies because of its 
triviality. Whereas basic science is never characterized by 
triviality though it allows triviality as its unexpected byproduct 
of laissez faire type research. Basic science is expected to base 
other sciences and technologies and is accordingly to be appli- 
cable. In this sense the concept of application oriented basic 
science is never contradictory but consistent to the original 
meaning of basic science. 
Another aspect of existing basic science is its elementality 
or element-orientedness. The first step of research procedure in 
existing basic science is to decompose the problem into elements, 
and their recomposition thereafter is practically often forgotten. 
Application oriented basic science is integration oriented in 
contrast. 
A third aspect of existing basic science is its exactness 
seeking property while application oriented basic science does not 
sacrifice its integrality for exactness. 
9. TURNING POINT OF SCIENCE AND TECHNOLOGY POLICY 
IN POSTINDUSTRIAL SOCIETY 
After the prosperity of basic science (in particular, physics 
and mathematics) in 1940's and the beginning of 19501s, Japanese 
scientific investment focused industrial technology, in particular, 
production process technology since the mid 1950's. This was 
needed to get more industrized and to catch up with the Western 
countries in economic standard. A byproduct of this trend is to 
make people free from a traditional idea of respecting of basic 
science only. 
Now that the Japanese industry catches up with the Western 
one, Japanese science and technology policy faces its turning 
point and is trying to shift its focus from production process 
technology to basic science and technology. This seems not to 
return the traditional basic science but to proceed towards some 
new interdisciplinary sciehces such as information science, life 
science, earth science, environment science, systems science, 
policy science etc. These new interdisciplinary sciences may be 
expected to form new disciplines under which students will be 
trained in the future and to occupy the central role in the coming 
scientific reorganization or scientific revolution. 
Science has originally started from application and proceeded 
to theoretically systematized disciplines. If the same process 
should be repeated in the coming scientific revolution, the 
science policy which preempts these emerging fields may be desir- 
able. An important key to successful science policy may lie in 
this preemptive effort. 
Finally it must be mentioned that development of appropriate 
technology for developing countries will affect technology as a 
whole at a global level and that its management will accordingly 
be a key issue for international community. 
STIMULATING THE DEVELOPMENT OF 
NEW FIELDS OF EXPERTISE 
Bohdan Glowiak*, Tomasz Winnicki* 
Tho r-otion of oc ie i l t i f  i c  d i s c i p l i n a .  nay be  ~ f i ~ t c r c t o o d  i n  many 
eiPPerent  t>ays, That i s  wily rie s t i l l  hava difficulty i n  p r e c i s e l y  
defining the comprehension of the term of new fields of expertise 
discipline. 
Tho e v e r  i n c r c a s i n d  r a t e  of s c i a n t i z i c  and t a c h n o l o g i c z l  develop- 
c e o t  - uhich i s ,  on ono hand, due t o  t h e  expansive progress  i n  b a s i c  
resesrch and, on t h e  o t h e r  hsnd, t o  t!le high perf  ormai~ce der.iande 
p laced  by mankind upon t h e  developed nen t echao lcg~esof iao  caused t h a t  
the  development i t s e l f  is  c b r a c t c r i z c d  by a certa;.?. E n d  cf ups aad 
donns, There e x i s t  a number of d i s c i p l i n e s  nhich, :.:respective of so- 
no s t a g n a t i o n  i n  t h e  f i e l d  they  e r e  d e z l i n g  n i t l i ,  e t t ~ a c t  Lacy i n v e e t i -  
g a t o r s  and a r e  equipped  ui th  modern tcch,'1ological dovlcso,  This s i t u a -  
t i o n  i s  not  only s t t r i b u t ~ b l e  t o  the  ate2eotypc i n  educat ing  o c i e n t i -  
f i c  staff  sho  fo1lot-1 t h c i ?  Uas tc r  a d  Teacher, but  e l s o  t o  t h e  ohort-  
comings i n  i.~cmmai;Foa 02 t h e  st rc t .e-of - tho a?t 2n.d c w r c n t  6evelop- 
~ e n t  r e n d s  nf Scicnco i n  genera l ,  Lit t h o  zc.inc t:!r.:o, i n  tho l a r g e  ' 
Erea of S c i e ~ c e  ank Technology, t h e r c  apaoas moro atld more s i l e n t  
zones,  nhich theli cc,n_ti.nuo t o  incrcr?sc,  T.hc brf.:l.c!.us i'F geps 2nd 
flatlu d i n c o v e ~ e d  t:? t h o  f io lc i  of ~ c i c n t u d c  az::.i.~-;S<:le~ prccceds very  
m. .. a loo ly ,  if zt all; ~ r u s  i s  first of a l l  d i ~ e  t o  t h o  shor tage  i n  man- 
poser, as vlell &O t~ SOX n a j o r  orp!l isa . i - ions1 PI:?. ':rttorial shor t -  
comings. ~ e n c e ,  a new fjeld of expertise may be defined as 
a d c ~ s i n  or" ~esesrch a c t i v i t y  ntiich doeo not m o t  t h e  demand e i t h e r  of 
c u r r e a t  c!evelopceg% o r  z 2 p l i c 8 t i o ~ s  
a There ar.2 3 3  r:i.-leo n c r  r e g l ~ l a t i o n s  t o  def i ,xI toly l o c a l i z e  d e f i c i t  
-- d o ~ a i ~ s ,  i . ? v e ~ t f ; e l e s s ,  :moat . cf i ; i ze~  a.rc  colitrcd on t h e  borde r l ine  
b2tc2on convnntion:~l dj.3ciplinen ; i n  o t h e r  norl.;, " 3 - e ~  fa?.l 1-Q t h e  
yzn.se of i n t o r d i s : i p l i c r r y  m l a t i c n s  i l l .  
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New fields of expertise are characterized by certain short- 
sonings nhich my p,"r:c;isali;: tzke *: .-  r '~m of ai7.g o l  t h e  f e s t o r s  
a f f e c t i n g  t h a  col;rlse s scie~tific ?,ctirlfyo It ha3 a'zesdg been 
%en t imed  t ha t  d e i i c ~ e r c y  i n  8 ? c c i a l i z c ~ ~  rnm.pocier i n  ocs t  t roubleso-  
\ 
me. Bct there a r e  cn.::~' zdcT.icioaal L she:-'zominga t o  ko indicated here;  
such as unsufficie!:t z~r.mci;iona i:it.h rclatad or c ~ ~ p l o m e n t e r y  d i s c i -  
plincs, I ~ c k  of !:I,? *. !:rlC, , s i o g ,  viant of s~el:f  z l i z e d  ttcluipment o r  apeoia- 
lizsd per io? . lca l$  ii.tii.;-;!~ a o ~ l d  8erv-e e8 a forum f o r  the exchange of 
i d e a s  an; .-.;Sorm7; :. 3 , ~  
On the other hand, new fields of expertise are characterized by 
expaneiveness, dyr.s~Ar i 3 ~ e l o p n e n t  and l a ck  of tradition. It ie com- 
monly knomn that tile 6evalopmea-t ~f nen s c i e n t i f i c  A i ~ c l p i i n ~ c l  is of  
great  signif icancs  ; but  t uo  m o t i v a t i o c s  p r e v a i l  ovcr t h e  remaining 
ones. These are t h 3  ?.c-ck of a s t r i c t l y  defined scorn oi.' cogn i t d - r~  
a c t i v i t i e s  and t h  a r r i v a l  ~f c u r r e n t  developmert :r?ndu t o  a c r i t i -  
c a l  point  at  nhich ti?.-c G O  far  t h e o r e t i c a 1  l~aot1ieCig-3, ~ q ~ i i ~ ~ e t i k  an6 
ruethodology appear t o  be unsu~f icient for s t i m u l a t i n g  q h a l i t a t i v e  o r  
quanti l -s t ive prGsre.:*?, 
A cazef u l  c c n s i d e ~ ~ z t i o n  of organ iaa t lona l  and 7e r scna l  f a c t o r e  
indiccszs t h a t  t h e  39:-ection end i d e a t i f i c a t i o n  of re? . l ly  neH and 
missiny v e a l  ic s c i a r . i i f i c  mork ra i se  ncst aerious difficulties. 
This gsob.iern si;ould tlidreforo 3 0  discussed  p r i o r  t o  other,  
Tno i n f o r 3 a t i . c ~  s e t s  nust be anslyzed indepsndensiv and ~ d x t  
com?srad, t o  de l e rn ine  k s i c  t r ends  oy the n i a s i n g  22aearch Comain,, 
One of %hem s e t s  incl~:ire3 i n f o r n a t i o n  on current s:.!l.Sa'?emei-.i;s i n  the 
d e v e l ~ p m e ~ t  of Sc~~ : r . r r . ;  c r d  Technolog  cia t i 2 1 1  as ac7.c. :.:mt-, and loag- 
term f ozaczs'is. T!ic ;~-!:az one contains a systen of iroal ( n a t i o n w i ~ c ,  
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Sin ' l e i -  s~ c;?c ? r i ~ ~ g  systcns c::e enccunt crcd o a t  uido o f  PoZzndo 
* 
T h i ~  $:ill bo Lest . i l l .us t ra ted  on t he  exa--10 cf  i n i ; c i : d i ~ c i p l i n m y  
apgr~g?,h to e . n v i ? c m e c t a l  pro'oloms practieod by 5:l.c ScieritiTfc C o x 5 k -  
f ce  ii: I r o b l e - s  oi tiie ~ n v i r o f i i o n t  SCOPZ t : i  i - h  in 2 consti- 
t u e n t  of t he  1 n ' ; e r n a t i c s ~ l  Counr l . oZ S c i s n 5 i i i s  Unions (ICSU]. 
Briaf l y ,  ICSU is ?.n i n t  rnd!..sr l .6 '.: :rg a.nd i n t  er:;af l c n a l  s c i s n t i f i c  
organiza t ion ,  s p o z k ! ~ ~  ?a??: 
- t h e  18 adheri~g uniona (for . esemple t h s  1n.i:ernatione.l Union 
of ~ e o ~ r a p h ~ )  ar.3 t i le  12 s c i e n t i f i c  c s o o c i a t e s  C f d 2  cxyrple t h d  I n t e r -  
na t i c , l e l  Society o f  S o i l  ~cioncc), 
- the  66 adhep-:.~s nzitio~~i:'. .~.;a~..e~-,ieo of az13izce9 r o y a l  societies 
and zeso~rch c c u a c i l s ,  
PX!x t t m o  t o  i ,  ICSU es tab l iohoo  9sieati .f  j.c ~~7!?ni t teee ,  afid 
g l " r o e  t i  . c = ore ido rz~ .31~   freed^:? t o  i2c1~clo-p t h e i r  9n.c riork p r o g r a m  
3 i 
oithf a de:;iglated i u . ' ; e ~ d i s c i ; l i n a r y  areas, 
Such vJas t h a  case  i n  1369 nhon SCOPE wao formed, i n  rosponse t o  
t h e  mima a n v i r o m c a t a l  concerns as tho30 that l c 3  t o  tl:c I972 'JN 
S t  ockholn Cotlfomnce on IIunsn ~ n v l r o m a n t ,  
The  sin a c t i v i t i e s  of SCOPE a t  t i l o  rJ2esesS $irnc ars conta ined  
r i i th in  seven prozec t  : 
- biogeochonicsl  cgc las ,  
- dynamic changes snd e v o l u t i o n  of  ecosysterm? 
- e , r l ~ i r o n i r e ~ t s l  -apect  a cf h u e c  setilcmont n, 
- ecot  oKicoloey, 
-. sLr~lul2tioa a o Z L l l i n g  of  en'~'irc~nt?r.':ai sj ' ; tri .-::  
- enviromcn';al i loni tor ing ,  
- c o m u n i c a t i o n  of  env i ronnen ta l  inf omnation ~nl.: . :ocietal  
asseasneat 2nd r c s p l ~ n c c ,  
I n  the lest t l ~ o  . : s ioo t i f i c  d i s c i p l i n c o  have Secono nore and 
a o r e  spscbrlized, Yet the aaT:irc.ment~.l  prcblens r"aci& ~ a n k j  nrl a r e  
nidening,  asd thirz-e k2.s been i n c r e a s i n z  r s c o g n i t i c ~  -.P ths need f o r  
in te rd i sc ip l i r ?a?y  i?~;?'?cl=!Ies t o  problem s 0 1 , v I ~ g ~  Tci7::. ?:-::.!?q1e9 tho 
trim of s ~ e c i z l i  z r  s ?:lo i . ~  sooo cascv a.?c norlr ici ;  .-I,I.;. u ~ ?  iadependsnt  l y  
of eac.? c-hhe?, EG-.. I - t i l .2  t a ? i c s  U L I ~ G L ~  st~ ? d y  ai*~: - 
- i~ . j  a * ~ , -  0r.i e 5 ..; 8' f c , ~  f. !.-r!.lel e n - '  x;;-i3nl a!l,,+. $ - .  , - -  ;,.!.*- 9s @f f !>. t~i r~ 
O U $ ? V . ~  2 ,.-'z2&l. (1;; ,;~:c . F: C C D E . P X L S ~ ~ ~ >  
SCOPE i s  ac t i ag  as a foc;l ;oint f o r  the  spac ia l iu ta ,  f a c i l i t a -  
s ing  i n t e r d i s c i ~ l i n a r y  ?ialoLme but alm?.ye com~~omect ing r z t h e r  then 
competing n i tb  t ~ l e  a c t i v i t i e s  of the ICSU unioss &ud other s c i e n t i f i c  
committees. 
t 
Such interdi.sc,!gliacxy d i d o  LIBS ar82.6 oftef? a s t a r t i n g  point t o  9 
the creation of new disciplines. Environment Zaginaering a3 a d i s c i -  
p1ir:a ha8 developed a i t h i n  the framclnorl of t h ~  f3Llowiag sciences 
and ' .  r . l ieat ians:  biology, r j a ~ i t a r y  engineoricg, chemistry, chemi - 
c a l  engineering, and the l ike .  The acope Bnd t a sks  of the  new disc i -  
p l i n ~  were formulated i n  1973, a t  tha Congrees of Pol i sh  Science, 
According t o  the d s f i n i t i o n  accepted, Ehviroameaf En~inee r ing  i e  a 
science of n~ethods ;.:?d techniques f o r  pol lu t ion  cont ro l  i n  the part i -  
cular  efiviromental  inedia with the 83.3 t o  enoure ~ ~ 2 ~ i m u . m  l i v i n g  con- 
d i t i o n s  of man and s t i n u l a t e  a reasonable managemefit of na tu ra l  
resources. 
Pol lut ion cont ro l  is a term of a wi6e compre!:snsioa snd includes 
not only environmental aonitorir-g but a l so  the cont ro l  of pol lu t ion  
monitoring systems; not only urben p laming  but a160 at1 optimization 
of investments and environmental projects ,  Pol lu t ion  z o n t r o l  develops 
su i t ab le  models of pol lut ion forecast ing,  deale filth the modelling of 
techn'ological pzocesses and i s  aimed a t  reconut2tut ins  degraded en* 
r b m e n t a l  elements DJ. 
The high req~: i renzots  placed upor- Enviroament Et&:'.neeria c a l l  
f o r  a careful  asd reasonable t r a i n i n g  of o p e c i a l i ~ t s  s k i l l e d  i n  two 
di f ferent  f i e l d s  S U C L ~  S S ,  f o r  example, meteorology 
nater  chemistry; econozlics and gas pur i f i ca t ion  t : ? ~ ~ l u i ~ l  ogy or  water 
treatment; planning and 
t r a in ing  i s  aixced t o  bridge a gap nhich appears in ths periphery of 
. Science, o r  t o  3 ? 1 . , ~ 0 r k  a developing disclplir? i :h lc I> ,  au a rastter o f  
fact, can also be a new fiela o i  expertise. 
One the ss5.L i ~ p a r t a n t  f a c t o r s  aff ec t iag  or' 
a new disc ip l ine  i n  the necessary and s u f f i c i e r t  ncmbor of opecialiL 
performing d i f  f ezent f o r  exam- 
p le ,  design, teaching, technological and t h e o r e t i c a l  s tudies ,  organi- 
z a t i m  and manegement, otc. The number of special ized s t a f f  depends 
on the weight and i n ~ o r t a n c e  of the problems studied. ITevertheleas, 
t h e  development o f  specialized manpower can be controllod by orgaei- 
za t iona l  intervention: 
(1) i n v i t a t i o n  of exper t a  from d e v e l o ~ e d  ecianLj. , ' ic  o r  i i l d u ~ ~ r i a l  
c e n t r e s  (also f o r e i g n  exper t s  - UN, V!IIDO, UIEibCO, . I U Q ~ ,  
(2) . t r a i n i n g  osn staff i n  o t h e r  c e n t r e s  CrzduztB an2 ncstgradu- 
ate s tud ies ,  advanced educat ion,  evening echool,  doc h ~ a l  aiid 3 )st- . 
d o c t o r a l  f e l lonsh ips ' ,  p a r t i c L p i i o n  i n  Ccnfe:er.u!as, 'i;>igrc:p - .' e.ed 
o t h e r  s o i e n t l f i o  meetings), 
( 3  l p e c i a l i z e d  educat ion and training at o:rn i r e t i t u t e .  
S i , u z t i o n  (1) i s  bes t  i l i a s t r a t a d  on t h e  e x a ~ 1 t . i  r ? f  d e v e l ? p i n ~  
\ 
c o u n t r i e s  [ ~ f r i c a ,  Asia). This is, horravor, a p e r : i , L  s ? l c t i c n  O L ? . ~ ~  
s i n c e  t h e  e x p e r t s  a r e  i n v i t e d  t o  r e s o l v e  a g iven  >.r?hlar; tc F. ~5.ve.n 
. . .  per iod  of time. Hence they  a r e ' n o t  i,ltor53teii, a ~ c ! ; ~ - ,  !31 CY:-?~L;;~: 
a f i e l d  of a c t i v i t y  o r  t r a i n i n g  s p e c i a l i z e d  e t a f f  , The o ta f?  ~=e  n o t  
concerned vrith tb.e poblern  of t h e  expert90 i rzl ; :? .~~ - ;  t ard i ; o r C i ~ a  
themaelves t o  h e l p  him, if he needa any help.  Vio,'t:i.n< f e l l m e  i n v i -  
t e d  by a u n i v e r s i t y  clevelop t e a c h i n g  a c t f ? r i t i e a  z:i~;:~+ a? izra-~re nc 
oppor tuni ty  t o  perform advanced t r a i n i n g  of tho I c c C  maapo~:~? .  
S i t u a t i o n  (2) ensures  a p roper  dovolopment c f  a~laafrfic ijtills 
t o  e e l e c t  ed i n d i v i d u a l s  but  h a s  t h e  dieadvantag2 t 'k t  ~ o o d  re r :u l t s  
are no t  achieved u n t i l  a long  p e r i o d  of time. 
S i t u a t i o n  (3) appears  t o  be b e s t  and is sucoes3ful. ly a?pl idd  
under' P o l i s h  c o ~ d i t i o n s  T i r s t  of a l l  i r -  aew disc i .p l inga .  ilonc;l.ver, it 
i a  adv i sab le  t h a t  t h e  f o l l o n i n g  requirements  be ~ e f ;  
(a) p r e c i s e  and a c c u r a t e  d e f i n i t i o n  of the t a s k s  and goals t o  be 
f u l f i l l e d  by the r e ~ 2 a r c h  team involved i n  the d e v c l ~ ~ s a n t  2 2  2 r ~ c ~  -
d i e c i p l i n e ,  
D c a r e f u l  e e i e c t i o n  of  i n d i v i d u a l s  who w i l l  be  a b l e  t s  adapt  
t h e i r  i n v e s t i g a t i o n  zethods and techniques t o  t he  needs of t h e  nevi 
d i s c i ~ l i n e ,  and 
/ ic) speeding-up t h e  development (both q u a l i t a t  i s . $  and qa-ir.? .L la- 
t i ve )  of t h e  staff i n d i s p e n s i b l e  i n  the  g iven  dLaciplln6, i n  ord .32  $0 
meet s o c i a l  e4xpectations. 
To ?,-event conZusion t he  f o l l o n i n g  definit.'-2;: .ill 52 us(=? " -**. 
t h e  purpose of this 2iscussion.  O r g a n 5 z e t i o ~  sulj railagemeat of re- - 
rearch activities n i l 2  be def ined  as a system of t h L s e  f ac i ; j . t .~ea  ar_d 
s e r v i c e s  of a s c i e l ~ t i f i c  n ~ t u r  mhich provide a c c r r e z t  p~r fo r inance  
of the r e sea rch  p.rocesc. The system i t s e l ?  depozda on t h e  lev91 or' 
r e s e a r c h  i n  t h e  f u l l  fit13 cyc le  and, f r c ~  tka Rch ro r -o 'Lo~ ica l t '  p o i n t  
of v i e a ,  can be c l a s s i f i a d  i n  t h e  f o l l o n i n g  nay: 
'1) Data c o l l e c t i n g  and se2es t ion  of s c i e n t i f i c  i n f  o ~ m t i o a ~  L 
(2) Access t o  a  computer systelc f o r  t h e  s to rage  and processing 
of data  and inves t iga t ion  r e s u l t s .  
(3) L .  Ava i l ab i l i t y  af apparatus,  
C4,) Competent and e f f i c i e n t  planning. 
(_5) Administrative -service, 
6 )  Effec t ive  malierial procurement. 
I- c;,) Specia l ized rou t ine  se rv ice  (chemical analyses, bioiogic2.X 
testa). 
(_a) Design f a c i l i t i e s  f o r  var ious  s tages  of  tho R+D cycle. 
' '9) L .  F a c i l i t i e s  f o r  the  product i o n  of laboratory--  gr,d ~ i l a t - e c a l : .  
apparat  ue, 
00) Forum f o r  the  publ ica t ion  of i nves t iga t ion  r e s u l t s .  
When developing a nen d i s c i p l i n e ,  i t  is d i f f i c u l t  t o  neet  a l l  
t h e  requirements l i s t e d  above, D i f f i c u l t i e s  a l s o  a r i s e  when conside- 
r i n g  any of t h e e l e m e n t s  nhich compose the  system of f t i c i l i t i e s  and 
services, The shortcomings of t he  system o r  of i t s  compor-ents consi- 
I 
derably inf luence the  e f f e c t  of s c i e n t i f i c  a c t i v i t y .  ?he most neuralgia 
a r e  those cons t i t uen t s  of the  system which r e f e r  t o  t&e s e l e c t i o n  of 
scientific informet ion, t o  t h e  dec i s ions  on the  f e a s i b i l i t y  of t L a  
apparatus and ins t rumental  equipment (purchase of nes devicesJ and t o  
the  p o s s i b i l i t i e s  of  publ ishing t h e  invee t iga tors '  omn r e s u l t s  wi th  
t h e  aim t o  i n i t i a t e  i n d i r e c t  (through publ ica t ions)  o r  d i r e c t  d ia lo-  
gues (at conferences, seminars and expert meetings) f l i th .  s p e c i a l i s t 6  
i n  many di f ferent  f i e l d s ,  
The s t imu la t i cn  of t he  developxent of a  given d i s c i p l i n e  r e q u i r e s  
t h e t  ca re fu l  considera t ion be devoted t o  t h e  c r i t i c 6 1  cons t i t uen t s  
of t h e  e n t i r e  R+D serv ice  system. There a r e  a l s o  some other  f a c t o r s  
nhich may i n d i r e c t l y  a f f e c t  the  e f fec t ivenese  of s c i e n t i f i c  oc t iv i -  
t i e s  such aa accon.~dation,  number and profess iona l  s k i l l  of the  staff, 
l oca t ion  of the  research  un i t  i n  t h e  nationnide settlemefit system, 
ava i l ab l e  non-sc ien t i f i c  se rv ice  (eOg., t r a m p o r t ,  store-rooms, 
s o c i a l  back-up f a c i l i t i e s ) ,  and t h e  l i k e ,  Ineofar  a s  poss ible  those 
f a c t o r s  should a l s o  be taken i n t o  considerat ion,  
It i s  not easy t o  canst ruct  an optimal organizat ion model f o r  
research  a c t i v i t i e s ,  Hence, we may l i m i t  our considera t ions  t o  the  
fo l lov~ ing  two types of research organigatiods: i n d u s t r i a l  R+C cen t r e s  
and un ivers i ty  i n s t i t u t e s ,  'lie a r e  not authorized t o  conclude about 
the a c t i v i t i e s  developed a; i,iilr;l~t~i-i R+D c e n t s s ;  .r.?--srthe: e s e  
t he re  i s  some avid9ncc t h a t  they e r e  nore ready t o  a c c q 3  and tole-?a- 
t e  a " s t a b i l i t y n  o f  the  research problem i n  a c e r t a i n  grou-p of 
workers than do univers i ty  i n ~ t i t ~ t e s - .  Tb.3 research staf: of t m i ~ w r -  
s i t y  i n s t i t u t e s  combice teachicg a c t i v i t i e s  mith s c i e f i t i f i c  i5ork; 
this i s  the reason for ahich f l s t a b l e l l  ~ t r u c t ~ e s  w i l l  boccme a consi- 
derable cl'nedvantage and shortcoming i n  the ectire e j r s t e ~ ,  as they 
l ead  t o  ~ . z - ~ t i n e  both i n  teachin5 ard pasearch, and r au t ina  i.rhi'C!.ts 
any deveiopments and z.dvancea. 
/ 
The development c f  neri discip'inas requires  that; the  or,--snfza- 
t i o n  and management of research be ccnducted in a h i g ~ l y  e l a s t i c  
manner, A t  modern un ivers i ty  centre8 pcefsrence i a  given t o  the  
separat ion of teaching and research  a c t i v i t i e s .  The Techxical Univer- 
sity of YirocZam has introduced th roe  independent systems involving 
the  same s c i e n t i f i c  staff but organizsd on d i f f e r e n t  p r iac i? l sa ,  
These are  the  system a f  teaching t e a m ,  t h e  system of seminms and 
the  system of research  teams, 
The syetem of teeching teams represen ts  s eve ra l  spec i a l i za t ions  
and ia characterized by lomeat turnover,  The system of seminars se rves  
a s  a forum f o r  excharie of ideas  and discussfon of r e s u l t s ,  The ei ;~f ,4 
involfed in this system a l s o  exh ib i t  a marked tendeccy t o  " s t a b i l i t y "  
whioh r e ~ u l t s  from the  s t a b i l i t y  of t h e i r  a p e ~ i a l i z a t i o o ~  The system 
of research teams enploys a c e r t a i n  ~ p t i m a l  group of norkers mith 
the  aim t o  perform and complete a prec i se ly  defiaeC tesk. A f t e ~  
completion of the  research task  t h e  s:eff involved mag c r  m y  not be 
turned over, 
Having these i n  rlind i t  i s  apparent t h a t  t h e  sys tens  o f  r2sea~ch 
teams and eeminars z re  f i rs t  of z l l  res2oasible for the stirz'iiation 
and devalopme~t of L e i )  d i s c i p l i n e s ,  Tke f i rs t  s t imul2t ing F q c l s e  t c  
t he  generation of e nom d i s c i p l i n e  may coae not only frcx ths  Scien-  
t i f i c  Counsil o f  the  I n s t i t u t e  S t i t  a l s o  f r c a  t h o  rescarck te;.-c (as 12 
r e s u l t  of  t h e i r  ~ ~ < u c i i z s \  o r  frcm tho s e d m r  (as a r e s u l t  ~e Ziscus-  
sion and exchange of ideas:, , No nattor mho naa the isspiratcr ff :ha 
i d e a ,  the  idea i t se l :  cust be first accepted by t h s  r e g ~ c s e z t a t i v e s  
of the three  g r c t i ? ~  x a n t l ~ r - e d ,  and t hen  by  t he  a u t h o r i t i e s  of t h s  
University, 
(1) Both i n  t he  development o f  Science a23 i n  tile a_c?licafion ~f 
achievements some spontaneou;:ness ?.nil i r r e . g l a 2 i t i e s  are being obser- 
\ 
ved, which account f o r  s e r i u ~ i s  sho r t ccn ine ;~  of c e r t a i r  d i s c i p l i n e s  
and developmental t rends.  
r- - It is c r ~ ~ c i a l  t o  d i scovcr  those ahortcozings a3 532n sp 
poss ible  i n  order t o  e s t ab l i zh  (3.c the b a s i s  o f  t!le cTwrc-fit s:o:c-sf- 
-the-art) short-  and long-tern fo rocaa t s  of tha  f u t u r e  ?el-,an$ for 
scientific a c t i v i t i e s .  
(3) St imulat ing the  development of misoing d i s c i p l i n e s  involve;.: 
m u l t i l a t e r a l  a c t i v i t i e s  ca r r ied  out both by' the research  i i i s t i t u t e s  
and by t h e i r  sponsnrs responsible f o r  t h e  pol icy  of the nstiofial  
economy. 
(4) The syste: of a c t i v i t i e s  associa ted n i t h  the s t imula t ion  of 
developing d i s c i p l i n e s  includss  inany di f fe ren t  p r o j e c t s  i n  the s o c i a l  
and organizat ional  domains; en? has io  should be placed first of a l l  bn 
s t a f f  t r a i n i %  and education ahich must be ca r r ied  out p r i o r  t o  any 
o ther  a c t i v i t y .  
(5) The shortcomings of  s c i e n t i f i c  a c t i s i t y  irznifest thenaelvea 
most f requent ly  i n  those a r eas  which cover i n t o r d i s c i p l i n e r y  resecrch ;  
i n t  e rd i sc ip l ina ry  \' o m i n s  r a i s e  s e r ious  organizat ional  and dec is ion  
problems because 02 the s u p e q o s i t i o n  of r e a l  t roab lee  and competence 
controversy. 
[ I ]  Binaicki  T., wirgzn iza t ion  of Large-Scale I n t e r d i s c i p l i n a r y  R and 
D Programen.  i r a c e  Baukone O D 2  ( ~ o r e c a o t i n ~  3esehrch Center, 
Technical 3 n i v c r s i t y  of i i r o c ~ a ~ )  BO. 4, p. 249 <1975). 
'i2; R.E., Cai:. M., "SCOPE, t he  enviror-rontal veice of norid 
sciencet1. Envirc.menta1 Scifnc~ ~ n d  Tecixrology 11 02-! fs1056 697'7). 
r 3  Wimicki  To, G: mi& B., &nzgerr,ent cf l a rge-sca le  i n t e r 2 i s c i -  
L -. r plin-y en:;iro:.mer,tal ~ r o g ~ ~ r n e s " ,  ?rase Eal,;ko;ie C3P . Fwec3s t ing  
\ 
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ENERGY EFFICIENCY AS A CRITERION 
FOR TECHNOLOGICAL SYSTEM EVALUATION* 
G. Dobrov, R. Randolph, E. Nurminski 
1 .  INTRODUCTION 
One of  t h e  main c h a l l e n g e s  f a c i n g  t e c h n o l o g i c a l  p o l i c y  makers 
today  i s  t o  overcome t h e  widening g a p  between t w o  growth r a t e s :  
t h a t  o f  t h e  cost  o f  new t e c h n o l o g i c a l  s y s t e m s ,  and t h a t  o f  t h e i r  
u s e f u l n e s s .  S u c c e s s i v e  g e n e r a t i o n s  of  t e c h n o l o g y  i n  many f i e l d s  
a c h i e v e  g r e a t e r  o u t p u t  c a p a b i l i t y  o n l y  a t  t h e  expense  o f  even  
g r e a t e r  (and o f t e n  w a s t e f u l )  r e s o u r c e  u s e .  The c h a l l e n g e  t h e n  i s  
t o  change t h e  p a t t e r n s  o f  t e c h n o l o g i c a l  change ,  t o  b e g i n  s e l e c t i n g  
t e c h n o l o g i c a l  o p t i o n s  which promote i n t e n s i v e  u t i l i z a t i o n  o f  re- 
s o u r c e s  t h r o u g h  o p t i m a l  e x p l o i t a t i o n  o f  t h e  t e c h n o l o g i e s '  i n h e r e n t  
p r o p e r t i e s  and p o s s i b i l i t i e s - - i n  s h o r t ,  t o  b e g i n  improving t h e  
e f f i c i e n c y  o f  r e s o u r c e  use .  
T h i s  c h a l l e n g e  h a s  become i n c r e a s i n g l y  u r g e n t  i n  r e c e n t  y e a r s  
because  o f  s h o r t a g e s  and p r i c e  rises f o r  many key r e s o u r c e s .  A s  
w e  see i t ,  t h e  wor ld  f a c e s  a  "3F" c r i s i s - - a  s h o r t a g e  o f  - Food f o r  
p e o p l e ,  F e r t i l i z e r  ( " f o o d "  f o r  l a n d ) ,  and - F u e l  ( " f o o d "  f o r  ma- 
c h i n e s ) .  These t h r e e  s h o r t a g e s  a r e  i n t i m a t e l y  i n t e r r e l a t e d  and 
c a n n o t  be a d e q u a t e l y  unders tood  i n  i s o l a t i o n .  F i g u r e  1 v i v i d l y  
i l l u s t r a t e s  t h e  economic c o n t o u r s  o f  t h e  problem,  c o r r e s p o n d i n g  
c l o s e l y  w i t h  Leonard S i l k ' s  g e n e r a l i z a t i o n :  
The cr is is  stems n o t  from a  d e f i c i e n c y  o f  demand 
b u t  of  s u p p l y ,  t h e  most d r a m a t i c  m a n i f e s t a t i o n s  o f  
which have been s h o r t a g e  o f  food and s o a r i n g  food 
p r i c e s ,  and s h o r t a g e s  o f  o i l  and s o a r i n g  o i l  p r i c e s .  [ 2 1  
Although t h e  i n c r e a s i n g  s o p h i s t i c a t i o n  and r e s o u r c e  demands 
o f  modern t e c h n o l o g y  p l a y  a n  i m p o r t a n t  p a r t  i n  t h i s  drama, a  mora- 
t o r i u m  on t e c h n o l o g i c a l  advance  would n o t  s o l v e  t h e  problem. Much 
more p romis ing  i s  t h e  i d e a  o f  d e v e l o p i n g  t r u l y  a p p r o p r i a t e  t echno-  
l o g i c a l  s y s t e m s ,  sys tems  which a r e  c a r e f u l l y  o r g a n i z e d  f o r  maximum 
e f f i c i e n c y  and which i n c l u d e  a  comprehensive  set o f  a p p r o p r i a t e  
components.  
* T h i s  i s  a  working v e r s i o n .  An improved v e r s i o n  w i l l  be p u b l i s h e d  
a t  a  l a t e r  s t a g e  a s  a n  IIASA r e p o r t .  
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A s  w e  s h a l l  see i n  S e c t i o n  5 below, t h e r e  is  no d e a r t h  o f  
p r o p o s a l s  f o r  t e c h n o l o g i c a l  o p t i o n s  by which t o  a t t a c k  t h e  r e s o u r c e -  
e f f i c i e n c y  problem. I t  i s  n o t  so e a s y ,  however,  t o  e v a l u a t e  such  
o p t i o n s  a d e q u a t e l y .  T r u e ,  a  number o f  s o p h i s t i c a t e d  a n a l y t i c  t e c h -  
n i q u e s  and a l g o r i t h m s  have been deve loped  f o r  pe r fo rming  s u c h  
e v a l u a t i o n s ,  t a k i n g  i n t o  a c c o u n t  t h e  r e s o u r c e  c r i t e r i o n  among 
o t h e r s  ( e . g . ,  [ 4 1 ) .  But t h e r e  can  s t i l l  be problems:  how t o  mea- 
s u r e  o r  p r e d i c t  t h e  r e s o u r c e - u s e  c h a r a c t e r i s t i c s  o f  a g i v e n  o p t i o n ,  
h.ow b e s t  t o  measure o u t p u t  ( i n  t e r m s  o f  what p r o d u c t  c h a r a c t e r i s -  
t i c s ) ,  how b e s t  t o  d e a l  w i t h  c h o i c e  c r i t e r i a  o t h e r  t h a n  r e s o u r c e  
e f f i c i e n c y  ( e . g . ,  s t a b i l i t y  o f  o u t p u t  under  chang ing  c o n d i t i o n s ,  
t e c h n i c a l  f e a s i b i l i t y ,  economic f e a s i b i l i t y ,  m a n a g e r i a l  r e q u i r e -  
ments ,  r i s k ) .  A l s o  it seldom happens t h a t  any one  t e c h n o l o g i c a l  
o p t i o n  i s  s u f f i c i e n t  by i t s e l f ,  a p r o p e r  mix -o f  o p t i o n s  b e i n g  p r e -  
f e r a b l e .  Even i f  a promis ing  o p t i o n  o r  mix o f  o p t i o n s  c a n  be  
i d e n t i f i e d ,  t h e  e v a l u a t i o n  must  d e a l  somehow w i t h  t h e  v e r y  real 
d e t e r r e n t s  t o  a d o p t i o n  o f  a n  i n n o v a t i o n  which a r i s e  even when it 
i s  demons t rab ly  s u p e r i o r  t o  e x i s t i n g  p r a c t i c e s . [ 4 , 5 1  To compound 
m a t t e r s  even f u r t h e r ,  long- term e v o l u t i o n  o f  t e c h n o l o g i e s  i s  
c l e a r l y  a f f e c t e d  by changes  i n  f a c t o r  p r i c e s ,  m a r g i n a l  v a l u e  prod- 
u c t s  o f  f a c t o r s ,  and e l a s t i c i t y  of  s u b s t i t u t i o n ,  which i n  t u r n  may 
w e l l  be a f f e c t e d  by t e c h n o l o g i c a l  change! [ 6 1  
I n  view o f  a l l  t h e s e  c o m p l e x i t i e s ,  w e  b e l i e v e  t h a t  improved 
models and methods a r e  needed f o r  t h e  f o r m a t i o n  and a s s e s s m e n t  o f  
o p t i m a l  mixes o f  t e c h n o l o g i c a l  o p t i o n s ,  i n  t h e  name of  long-range  
e f f e c t i v e  t e c h n o l o g i c a l  p o l i c y .  S t a t i c  a s s e s s m e n t s  based  o n  c u r -  
r e n t  c i r c u m s t a n c e s  (e .g. , e n e r g y  p r i c e s ,  wage r a t e s ,  commodity 
p r i c e s ,  r e g u l a t o r y  p o l i c i e s ,  e t c . )  s imply  may n o t  b e  v a l i d  i n  t h e  
long  t e r m ,  s i n c e  even  s l i g h t  changes  i n  s u c h  c i r c u m s t a n c e s  may 
a b r u p t l y  r e v e r s e  t h e  r e l a t i v e  p r o f i t a b i l i t y  o f  o p t i o n s .  [7 I I n  
s h o r t ,  t h e r e  i s  a n  u r g e n t  need f o r  f u l l - s c a l e  s t u d y  o f  t h e  i n t e r -  
p l a y  between changes  i n  t e c h n o l o g y  and changes  i n  t h e s e  circum- 
s t a n t i a l  v a r i a b l e s .  A l l  o f  t h e s e  v a r i a b l e s  a r e  r e l a t e d  i n  complex 
ways and it i s  i m p o s s i b l e  t o  f o r e s e e  o r  r e g u l a t e  t h e i r  f u t u r e  
z o u r s e  w i t h o u t  examining t h e i r  dynamic i n t e r a c t i o n s .  F o r  p u r p o s e s  
o f  t e c h n o l o g i c a l  ~ o l i c y  d e s i g n ,  t h e  t h r u s t  o f  such  r e s e a r c h  would 
be  t o  p e r m i t  p r o s p e c t i v e  a s s e s s m e n t  o f  t h e  a p p r o p r i a t e n e s s  o f  
v a r i o u s  t e c h n o l o g i c a l  o p t i o n s ,  based on f o r e c a s t s  o f  f u t u r e  c i r -  
cumstances  o f  r e l e v a n t  k i n d s  (socio-economic ,  s c i e n t i f i c ,  e t c . ) .  
Nany s e p a r a t e  m e t h o d o l o g i c a l  c o n t r i b u t i o n s  would b e  needed 
t o  make such complex a n a l y s e s  p o s s i b l e .  I n  t h i s  p a p e r  w e  s h a l l  
c o n s i d e r  o n l y  one  s m a l l  p a r t  o f  t h e  o v e r a l l  problem, though a n  i m -  
p o r t a n t  p a r t :  t h e  need f o r  measures  by which t o  e v a l u a t e  t h e  long- 
range  e f f e c t i v e n e s s  o f  t e c h n o l o g i c a l  sys tems .  Recogniz ing  t h e  
g r a v i t y  o f  t h e  r e s o u r c e - e f f i c i e n c y  crisis ment ioned e a r l i e r ,  w e  
propose  t h a t  r e s o u r c e  i n p u t / o u t p u t  e f f i c i e n c y  be  c o n s i d e r e d  a s  one  
s u c h  e f f e c t i v e n e s s  measure.  And t o  f a c i l i t a t e  a g g r e g a t i o n  o f  d a t a  
a b o u t  r e s o u r c e s  o f  v a r i o u s  k i n d s ,  w e  propose  t h a t  a l l  s u c h  d a t a  be  
t r a n s l a t e d  i n t o  energy  t e r m s .  I n  o r d e r  t o  i n v e s t i g a t e  t h e  p o s s i b l e  
v a l u e  o f  t h e s e  p r o p o s a l s ,  w e  s h a l l  t r y  a p p l y i n g  them t o  a  p a r t i c u -  
l a r  example o f  an  e v o l v i n g  t e c h n o l o g i c a l  sys tem-- tha t  o f  maize 
p r o d u c t i o n .  
I n  s h o r t ,  t h e  purpose  o f  t h i s  p a p e r  i s  t o  e x p l o r e  t h e  u s e f u l -  
n e s s  o f  e n e r g y  i n p u t / o u t p u t  e f f i c i e n c y  a s  an  i n t e g r a t e d  measure o f  
t h e  a p p r o p r i a t e n e s s  o f  t e c h n o l o g i c a l  s y s t e m s ,  t a k i n g  a s  a n  empir- 
i c a l  example t h e  c u r r e n t  and f u t u r e  t r e n d s  i n  a g r i c u l t u r a l  t e c h -  
no logy ,  w i t h  maize p r o d u c t i o n  t e c h n o l o g y  a s  a  s p e c i f i c  c a s e .  
EVIDENCE OF THE PROBLEM 
2.1 The World Food-Energy Dilemma 
To b e g i n  w i t h ,  w e  must u n d e r s t a n d  t h e  a g r i c u l t u r a l  energy-  
use  problem i n  some d e t a i l .  A s  w e  s h a l l  see, t h e r e  i s  ample em-  
p i r i c a l  e v i d e n c e  t h a t  i n c r e a s e s  i n  wor ld  food  o u t p u t  i n  r e c e n t  
decades  have been a c h i e v e d  p r i m a r i l y  t h r o u g h  even more r a p i d  i n -  
c r e a s e s  i n  t h e  c o r r e s p o n d i n g  i n p u t s  o f  f o s s i l  ene rgy .  T h i s  t y p e  
o f  " p r o g r e s s "  i s  r e c o g n i z e d  t o  have a d u b i o u s  f u t u r e ,  and it i s  
f o r  t h i s  r e a s o n  t h a t  new t e c h n o l o g i e s  e v a l u a t e d  i n  new ways are  
u r g e n t l y  needed.  
The e s s e n c e  o f  t h e  s i t u a t i o n  i s  t h i s :  s i n c e  most  o f  t h e  
w o r l d ' s  r e a d i l y  u s a b l e  f e r t i l e  l a n d  i s  a l r e a d y  under  c u l t i v a t i o n ,  
expans ion  o f  food  o u t p u t  by i n c r e a s i n g  h a r v e s t e d  a c r e a g e  h a s  been 
p o s s i b l e  o n l y  t o  a v e r y  l i m i t e d  e x t e n t .  T h e r e f o r e  growth i n  o u t -  
p u t  h a s  depended p r i m a r i l y  o n  growth i n  y i e l d .  T h i s  i n  t u r n  h a s  
been a c h i e v e d  th rough  t e c h n o l o g i c a l  changes  which have i n v o l v e d  
i n c r e a s e d  a p p l i c a t i o n  o f  i n p u t s  based  on f o s s i l  e n e r g y  ( c h e m i c a l s ,  
machines,  f u e l ,  e t c . ) . [ 8 ]  A s  M .  S l e s s e r  h a s  a p t l y  p u t  it,  
. . . r i s i n g  i n t e n s i t i e s  of  food p r o d u c t i o n  pay 
t h e  r e s o u r c e  c o s t  o f  s t e e p l y  r i s i n g  i n t e n s i t i e s  o f  
ene rgy  u s e ,  and hence  o f  t o t a l  e n e r g y  u s e . [ 9 ,  p.1291 
Data f o r  t h e  Uni ted  S t a t e s  ( F i g u r e  2)  c l e a r l y  d e m o n s t r a t e  t h i s  
o v e r a l l  t r e n d ,  which numerous a u t h o r s  c o n s i d e r  t o  b e  t h e  funda- 
-
menta l  change under  way i n  wor ld  a g r i c u l t u r e  t o d a y . [ 8 , 9 , 1 0 , 1 1 ]  
The f a c t  t h a t  t h e  y ie ld -enhanc ing  t e c h n o l o g i c a l  changes  have 
r e q u i r e d  e v e r - g r e a t e r  ene rgy  i n t e n s i t y  i s  o n l y  p a r t  o f  t h e  problem, 
however. Even more s e r i o u s  i s  t h e  f a c t  t h a t  t h e y  have f a i l e d  t o  
improve energy  e f f i c i e n c y  and indeed  have a l l o w e d  it t o  d e c l i n e .  
I n  o t h e r  words,  a g r i c u l t u r a l  p r o d u c t i o n  methods deve loped  i n  re- 
c e n t  decades  have r e q u i r e d  an e v e r - h i g h e r  "energy  s u b s i d y "  ( t h e  
amount o f  f o s s i l  ene rgy  i n p u t s  r e q u i r e d  t o  produce  a  u n i t  o f  food 
energy  o u t p u t ) .  Changes i n  a g r i c u l t u r a l  t e c h n o l o g y  ( i n c l u d i n g  , 
g e n e t i c  improvement) have n o t  - i n c r e a s e d  t h e  food  o u t p u t  o b t a i n e d  
from a  g i v e n  l e v e l  o f  e n e r g y  i n p u t s ;  a l l  t h e y  have done h a s  been 
t o  accommodate i n c r e a s e d  " t h r o u g h p u t " ,  a l l o w i n g  more e n e r g y  i n p u t s  
t o  be  p r o d u c t i v e l y  employed p e r  u n i t  l a n d .  
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( D e r i v e d  f r o m  [ 1 1 ,  p . 3 0 9 1 )  
I t  c a n  be a r g u e d  o f  c o u r s e  t h a t  a h i g h  e n e r g y  s u b s i d y  is  n o t  
n e c e s s a r i l y  s u c h  a bad t h i n g .  T h i s  might  b e  a n  a c c e p t a b l e  s i t u a -  
t i o n  i f  w e  view a g r i c u l t u r e  as a mechanism f o r  c o n v e r t i n g  energy  
from one  form (e. g.  , o i l )  i n t o  a n o t h e r  (i .e. , f o o d )  . [ 9 ;  12 ,  p .  251 
A f t e r  a l l ,  one c a n n o t  eat  o i l .  But from a g l o b a l  p e r s p e c t i v e ,  
t h i s  p a t h  f o r  a g r i c u l t u r e  h a s  t o  b e  r e a s s e s s e d  i n  t h e  l o n g  r u n .  
For  d e v e l o p i n g  c o u n t r i e s ,  s c a r c i t y  and h i g h  c o s t  o f  energy-based 
i n p u t s  a r e  a l r e a d y  a s e r i o u s  b a r r i e r  t o  t h e  u s e  of  e n e r g y - i n t e n s i v e  
t e c h n o l o g i e s  ( i n d e e d  t h i s  i s  s e e n  t o  be  t h e  b a s i c  f l a w  i n  t h e  o r i -  
g i n a l  " g r e e n  r e v o l u t i o n " ) .  And even f o r  deve loped  c o u n t r i e s ,  t h e  
growth o f  ene rgy  i n t e n s i t y  i s  an ominous t r e n d  because  o f  dimin-  
i s h i n g  r e t u r n s  and t h e  v i r t u a l  c e r t a i n t y  o f  f u t u r e  e n e r g y  c o s t  i n -  
c r e a s e s . [ 1 1 ; 1 3 ,  pp.59-621 Thus t h e  problem o f  maximizing e n e r g y  
e f f i c i e n c y  c a n n o t  be i g n o r e d .  
A s  a l i m i t i n g  f a c t o r  on a g r i c u l t u r a l  o u t p u t ,  e n e r g y  i s  o f  
c o u r s e  n o t  t h e  o n l y  problem t o d a y - - c l i m a t i c  c h a n g e s ,  e n v i r o n m e n t a l  
c o n s t r a i n t s ,  and water s u p p l y  b e i n g  e q u a l l y  s e r i o u s  i n  many c a s e s .  
[13,  p p . 5 3 f f ; l 4 ]  But it c o u l d  be  a r g u e d  t h a t  t h e  s o l u t i o n s  t o  
such  o t h e r  problems w i l l  r e q u i r e  e x p e n d i t u r e  o f  e n e r g y ,  s o  t h a t  
even t h e y  can  b e  i n t e r p r e t e d  i n  e n e r g y  t e r m s .  
2.2 The Example o f  Maize 
About 70% o f  mankind ' s  food c a l o r i e s  o r i g i n a t e  i n  g r a i n .  [ I  5 ,  
p.111 "Coarse  g r a i n s "  are t h e  most i m p o r t a n t ,  c o n s t i t u t i n g  r o u g h l y  
52% of  a l l  cereals. And among t h e  c o a r s e  g r a i n s ,  maize  i s  by f a r  
t h e  most i m p o r t a n t ,  r e p r e s e n t i n g  o v e r  h a l f  o f  t o t a l  p r o d u c t i o n . [ l 3 ,  
p.311 I n  s h o r t ,  maize  f i g u r e s  v e r y  p r o m i n e n t l y  i n  t h e  wor ld  food- 
e n e r g y  o u t p u t  s i t u a t i o n .  
C u r r e n t  f o r e c a s t s  s u g g e s t  t h a t  t h i s  g e n e r a l  s i t u a t i o n  w i l l  
p e r s i s t  th rough  1990 a t  l eas t .  [ l 6 ]  P r o d u c t i o n  o f  g r a i n  i n  g e n e r a l  
and maize i n  p a r t i c u l a r  w i l l  c o n t i n u e  t o  grow more r a p i d l y  t h a n  
wor ld  p o p u l a t i o n ,  t h u s  h e l p i n g  t o  e x p l a i n  t h e  c o n t i n u i n g  growth 
i n  d a i l y  p e r - c a p i t a  food consumption (see T a b l e  1 ) .  Thus t h e  long-  
t e r m  impor tance  o f  maize seems a s s u r e d .  
Table  1  MAIZE PRODUCTION I N  CONTEXT, 1963/65-1990 
Source  : Adapted from [ 161 . 
F 
U n f o r t u n a t e l y ,  c u r r e n t  and p r o j e c t e d  t r e n d s  i n  maize  produc- 
t i o n  and consumption d e m o n s t r a t e  a n  imba lance  among wor ld  r e g i o n s  
i n  t h e i r  a b i l i t y  t o  s a t i s f y  t h e i r  own maize  consumption needs  o u t  
o f  d o m e s t i c  p r o d u c t i o n  ( T a b l e  2 ) .  The u n d e r l y i n g  assumpt ion  h e r e  
is t h a t  i n  many c o u n t r i e s  maize  p r o d u c t i o n  w i l l  n o t  be  a b l e  t o  
i n c r e a s e  r a p i d l y  enough t o  match demand, and t h e  r e a s o n  f o r  t h i s  
i n  t u r n  is  t h a t  growth o f  y i e l d s  w i l l  b e  s l o w e r  i n  f u t u r e  t h a n  i n  
t h e  p a s t .  And why s h o u l d  t h i s  be? I n  deve loped  c o u n t r i e s  it w i l l  
b e  p a r t l y  because  o f  " d e c l i n i n g  r e t u r n s  t o  y i e l d - e n h a n c i n g  produc- 
t i o n  i n p u t s " [ l 6 ,  p .131,  b u t  i n  b o t h  deve loped  and d e v e l o p i n g  coun- 
t r ies  it w i l l  a l s o  be  because  o f  t h e  r e s o u r c e  s h o r t a g e s  and p r i c e  
i n c r e a s e s  t h a t  w e  have a l r e a d y  s e e n .  
I n  p o i n t  o f  f a c t ,  maize w i l l  p r o b a b l y  n o t  s u f f e r  from t h e s e  
i n p u t  problems a s  much a s  some o t h e r  c r o p s  w i l l .  R e l a t i v e  t o  
o t h e r  food g r o u p s ,  maize h a s  a  modera te  t o  good l e v e l  o f  e n e r g y  
e f f i c i e n c y .  T h i s  i s  s o  b e c a u s e ,  a l t h o u g h  i t s  l e v e l  o f  ene rgy  i n -  
t e n s i t y  i s  e x t r e m e l y  h i g h  when t h e  most deve loped  t e c h n o l o g y  is  
used ,  t h e  e n e r g y  c o n t e n t  o f  t h e  mature  c o r n  p l a n t  i s  a l s o  e x t r e m e l y  
h i g h .  T h u s  t h e  e n e r g y  s u b s i d y  f o r  maize i s  a c t u a l l y  lower  t h a n  
t h a t  f o r  many o t h e r  commodit ies  (0.2-0.5 c a l o r i e s  o f  e n e r g y  i n p u t  
TREND 
POPULATION 
( m i l .  
FOOD CONSUMPTION 
C a l / c a p i t a / d a y  
Kg/capi ta /day  
GFUiIN PRODUCTION 
( m i l .  t o n s )  
T o t a l  
MAIZE 
1963/65  
3227 . 0  
2 455 
1 . 3 3  
1 0 1 1 . 5  
2 2 1 . 6  
1972/74  
3 8 2 0 . 0  
2 53 5 
1 . 4 1  
1 3 2 9 . 6  
3 0 3 . 3  
1990  
5 2 0 1 . 6  
2730 
1 . 5 3  
2 0 4 1 . 3  
458 .7  
ANNUAL GROWTH % 
Historical 
1.9  
0 . 4  
0 . 7  
3 . 1  
3 . 6  
P r o j e c t e d  
1 . 8  
0 . 4  
0 . 5  
2 . 5  
2 . 5  
Table 2 MAIZE PRODUCTION AND CONSUMPTION, 1963-90, BY REGION 
(million metric tons) 
* A n n u a l  g r o w t h  rates  r e f e r  t o  t h e  p e r i o d  b e t w e e n  1 9 7 2 / 7 4  a n d  1 9 9 0 .  
Source: Adapted from [ I  6 1  . 
r e q u i r e d  t o  produce  one  c a l o r i e  o f  o u t p u t ,  depending on i n t e n s i t y ) .  
[11,  p.3121 
N e v e r t h e l e s s ,  maize p r o d u c t i o n  t e c h n o l o g y  h a s  s u f f e r e d  t h e  
same dilemma o f  d e c r e a s i n g  e f f i c i e n c y  t h a t  w e  have d i s c u s s e d  above. 
A s  o u t p u t  o f  maize p e r  h e c t a r e  h a s  r i s e n  o v e r  t i m e ,  e n e r g y  i n p u t s  
have r i s e n  even f a s t e r .  [ I  71 
The e x t e n t  t o  which t h e  e n e r g y - e f f i c i e n c y  problem a f f l i c t s  
m a i z e  t echno logy  i s  c l e a r l y  i l l u s t r a t e d  by t h e  f a c t  t h a t  
R.C. Liebenow--who is a  w e l l  known e x p e r t  and P r e s i d e n t  o f  t h e  
Corn R e f i n e r s  A s s o c i a t i o n - - c o n s i d e r s  s c a r c i t y  o f  energy-based i n -  
p u t s  t o  be  one  o f  t h e  two main problems f a c i n g  maize  p r o d u c t i o n  
t o d a y  ( t h e  o t h e r  problem b e i n g  t h e  r i s k  o f  c a t a s t r o p h i c  l o s s  
t h r o u g h  d r o u g h t ,  d i s e a s e ,  p e s t  damage, and m i c r o b i a l  contamina-  
t i o n ) . [ l O ]  E s s e n t i a l l y  t h e  same o p i n i o n  h a s  been e x p r e s s e d  by 
Deere & Co., one o f  t h e  w o r l d ' s  l e a d i n g  f i r m s  i n  t h e  a r e a  o f  maize- 
r e l a t e d  eng inee r ing .  A s  t h e y  see i t ,  t h e r e  a r e  t h r e e  main g r o u p s  
of  f a c t o r s  t h a t  w i l l  shape  t h e  t echno logy  o f  maize p r o d u c t i o n  i n  
t h e  Uni ted  S t a t e s  i n  t h e  f u t u r e ,  a n d  two o f  t h e s e  a r e  c l o s e l y  re- 
l a t e d  t o  energy  e f f i c i e n c y :  (i)  " t h e  e n e r g y  s i t u a t i o n ,  p a r t i c u l a r l y  
f u t u r e  c o s t  and a v a i l a b i l i t y  of  p o r t a b l e  f u e l s "  and (ii) " c o n t i n u -  
i n g  e f f o r t s  t o  i n c r e a s e  o v e r a l l  e f f i c i e n c y  o f  a g r i c u l t u r e  from t h e  
s t a n d p o i n t  o f  c o s t ,  c h o i c e  o f  c u l t u r a l  p r a c t i c e s ,  y i e l d s  and  n e t  
income". (The t h i r d  set o f  f a c t o r s  r e l a t e s  t o  p o l l u t i o n  l e g i s l a -  
t i o n . )  [ l 8 ]  
3. THE "EE" PARAMETER AS A SYSTEM CRITERION 
A s  a  modest f i r s t  s t e p  toward t h e  comprehensive a s s e s s m e n t  o f  
t e c h n o l o g i c a l  sys tems  i n  l i g h t  o f  t h e  problems d e s c r i b e d  above,  w e  
s u g g e s t  t h a t  t e c h n o l o g i c a l  sys tem o p t i o n s  be e v a l u a t e d  i n  t e r m s  o f  
energy  i n p u t / o u t p u t  e f f i c i e n c y  ( "EE") .  T h i s  p a r a m e t e r ,  which some 
a u t h o r s  r e f e r  t o  a s  t h e  "energy  r a t i o " ,  is  d e f i n e d  t h u s :  
EE = energy  o u t p u t  
ene rgy  i n p u t  ' 
where b o t h  o u t p u t  and i n p u t  a r e  measured i n  k c a l .  p e r  y e a r  p e r  
h e c t a r e .  
There  a r e  numerous f a c t s  which j u s t i f y  o u r  i n - d e p t h  i n t e r e s t  
i n  t h i s  c r i t e r i o n .  F o r  example ,  
on t h e  w o r l d  s c a l e ,  a n  e s t i m a t e d  2 5 %  o f  a l l  f o s s i l  f u e l  
u s e  i s  f o r  f o o d - r e l a t e d  p u r p o s e s ;  ( c i t e d  i n  [I91 ) 
i n  d e v e l o p e d  c o u n t r i e s ,  t h e  f o o d  s e c t o r  r a n k s  t h i r d  i n  
g e n e r a l  consumpt ion  o f  e n e r g y  ( a f t e r  s t e e l  a n d  p e t r o -  
c h e m i c a l s )  . [ 2 0 ]  
I n  o t h e r  words ,  t h e  l e v e l  o f  e n e r g y  e f f i c i e n c y  i n  a  c o u n t r y ' s  
a g r i c u l t u r a l  s e c t o r  may be  e x p e c t e d  t o  have  a n o n - t r i v i a l  e f f e c t  
on  t h a t  c o u n t r y ' s  o v e r a l l  e n e r g y  b a l a n c e .  
Our u n d e r s t a n d i n g  o f  t h e  EE c r i t e r i o n  a n d  o f  t h e  t y p e s  o f  
a n a l y s i s  t o  which  i t  may l e n d  i t s e l f  becomes more c o m p l e t e  when 
w e  r e f l e c t  on  t h e  c o m p l e x i t i e s  o f  t h e  o v e r a l l  a g r i c u l t u r a l  " sys t em"  
w i t h i n  which a g r i c u l t u r a l  t e c h n o l o g y  i s  d e v e l o p e d  a n d  u t i l i z e d .  
A s  w e  see i t ,  a g r i c u l t u r a l  p r o d u c t i o n  a c t u a l l y  i n v o l v e s  t h e  i n t e r -  
a c t i o n  o f  t h r e e  s u b s y s t e m s ,  t h r e e  k i n d s  o f  p o t e n t i a l ,  t h r e e  k i n d s  
o f  i n p u t s  ( F i g u r e  3 ) :  Economic,  b i o l o g i c a l ,  and  t e c h n o l o g i c a l .  
Changes i n  t h e  EE p a r a m e t e r  o v e r  t i m e  a r e  c a u s e d  by c h a n g e s  b o t h  
w i t h i n  t h e s e  s u b s y s t e m s  and  i n  t h e  r e l a t i o n s  be tween  them--in 
p a r t i c u l a r ,  by c h a n g e s  i n :  
( 1  ) t h e  s p e c i f i c  t e c h n o l o g i c a l  o p t i o n s  u s e d ,  
( 2 )  t h e  a t t a i n e d  l e v e l  o f  b i o l o g i c a l  knowledge  and  i t s  
a p p l i c a t i o n ,  
( 3 )  t h e  l e v e l s  o f  p r i c e s  and  o t h e r  economic  c o n s t r a i n t s ,  
( 4 )  t h e  i m p a c t  o f  t e c h n o l o g y  on  b i o l o g i c a l  a n d  economic  
p o t e n t i a l  u t i l i z a t i o n  a n d  t h u s  i n d i r e c t l y  on o u t p u t ,  
( 5 )  c h a n g e s  i n  t h e  c o s t  o f  u t i l i z i n g  t e c h n o l o g i c a l  p o t e n t i a l ,  
a s  r e l a t e d  t o  c h a n g e s  i n  o v e r a l l  s y s t e m  p r o d u c t i v i t y ,  and  
( 6 )  s p e c i a l  demands which  t h e  b i o l o g i c a l  c h a r a c t e r i s t i c s  o f  
o f  t h e  commodity t o  be  p r o d u c e d  a n d  a l s o  t h e  p r e v a l e n t  
s o c i o - e c o n o m i c  c o n s t r a i n t s  p l a c e  upon t h e  p r o d u c t i v i t y ,  
r e l i a b i l i t y ,  a d a p t a b i l i t y ,  a n d  e n e r g y  consumpt ion  o f  t h e  
t e c h n o l o g i c a l  means employed .  
I npu t  o f  s u n l i g h t  and o t h e r  
b i o l o g i c a l l y  a c t i v e  f a c t o r s  
I 
Output  
~ n e r ~ ~  
I n p u t s  
Economical I n p u t s  
( C a p i t a l  & Labor)  
BPU = B i o l o g i c a l  P o t e n t i a l  U t i l i z a t i o n ,  
TPU = Technolog ica l  P o t e n t i a l  U t i l i z a t i o n ,  
EPU = Economic P o t e n t i a l  U t i l i z a t i o n  
E o u t p u t  - c a l * * h a - '  - B e n e f i t  
EE = E i n p u t  p -  7 .  L-. -1 c o s t  
EE = Energy E f f i c i e n c y  
c a l *  = E d i b l e  c a l o r i e s  o f  food 
C a l  = Mix o f  mainly  non-ed ib le  c a l o r i e s  o f  energy  
(Gra in )  
F igu r e  3 SUBSYSTEY INTERACTIONS I N  THE 
AGRICULTURAL PRODUCTION SYSTEM 
Note ,  by t h e  way, t h a t  i t e m s  ( 1 ) - ( 3 )  c o r r e s p o n d  r e s p e c t i v e l y  
t o  t h e  " h a r d "  p a r t  o f  any  p r o d u c t i o n  s y s t e m  i n  g e n e r a l ,  t o  t h e  
" s o f t "  p a r t  (which p r o v i d e s  t h e  "methods o f  d o i n g " ) ,  and  t o  t h e  
" o r g "  p a r t  r e l a t e d  t o  t h e  i n s t i t u t i o n a l  and  e c o n o m i c a l  r e g u l a t o r s  
o i  s y s t e m  pe r fo rmance .  I t e m s  ( 4 ) - ( 6 )  r e p r e s e n t  i n t e r a c t i o n s  among 
t h e  s y s t e m ' s  h a r d ,  s o f t ,  and  o r g  a s p e c t s .  
Al though h i g h e r  EE may b e  u s e f u l  a s  a g u i d e  f o r  f u t u r e  p o l i c y  
c o n c e r n i n g  a l l  o f  t h e s e  s y s t e m  components  and  i n t e r a c t i o n s ,  w e  
must  remember t h a t  e f f i c i e n c y  a l o n e  i s  n o t  a  c o m p l e t e  s u c c e s s  mea- 
s u r e  f o r  p r o d u c t i o n  s y s t e m s .  The re  a r e ,  a f t e r  a l l ,  some p r i m i t i v e  
a g r i c u l t u r a l  s y s t e m s  which h a v e  h i g h  EE b u t  low o v e r a l l  o u t p u t  a n d  
which t h e r e f o r e  d o  n o t  p r o v i d e  a d e q u a t e l y  f o r  p e o p l e ' s  food  re- 
q u i r e m e n t s .  And y e t  e v e n  h e r e ,  f u t u r e  p o l i c y  s h o u l d  a im a t  maxi- 
m i z i n g  b o t h  f o o d  p r o d u c t i o n  a s  w e l l  a s  e f f i c i e n c y  o f  u s i n g  a l l  re- 
s o u r c e s  needed  f o r  it .  I n  s h o r t ,  r e g a r d l e s s  o f  t h e  p r e s e n t  d e v e l -  
opmenta l  l e v e l  o f  t h e  a g r o - t e c h n o l o g y  s y s t e m  i n  q u e s t i o n ,  EE i s  
a n  i m p o r t a n t  i n t e g r a t e d  c r i t e r i o n  f o r  e v a l u a t i o n  o f  p r o p o s e d  s y s t e m  
changes .  
4 .  STRUCTURE AND DYNAMICS OF EE: THE W i I Z E  EXAMPLE 
I t  h a s  been computed t h a t  t o  grow a n  a v e r a g e  y i e l d  on  4 h a .  
o f  maize  p l a n t a t i o n  by "modern" methods t a k e s  a s  much e n e r g y  a s  t o  
b u i l d  a  s i x - p a s s e n g e r  modern a u t o m o b i l e  (-30.1 o 6  k c a l )  . L2 11  The 
y i e l d  o f  maize r e c e i v e d  from t h o s e  4 h a .  (18-20 m t . )  p r o v i d e s  a b o u t  
6 7 5 - 1 0  k c a l  o f  e d i b l e  e n e r g y .  Thus EE i s  a b o u t  2 .5 .  
L e t  u s  l o o k  a t  t h e  s t r u c t u r e  and  f l o w  o f  t h e  e n e r g y  s u b s i d i e s  
and  r e t u r n s  i n  t h i s  c a s e .  The t e c h n o l o g i c a l l y  r e q u i r e d  f l o w s  o f  
e n e r g y  i n p u t  a r e  r e p r e s e n t e d  i n  F i g u r e  4 ,  w i t h  q u a n t i t a t i v e  d e t a i l s  
shown i n  T a b l e  3 .  
I n  t h e  p a s t  30 y e a r s ,  t h e  f o l l o w i n g  components  i n  t h e  s t r u c -  
t u r e  o f  e n e r g y  e x p e n d i t u r e s  on maize  p r o d u c t i o n  have  grown e s p e -  
c i a l l y  r a p i d l y :  
f e r t i l i z e r - - g r o w t h  more t h a n  1 0 - f o l d  
i r r i g a t i o n - - g r o w t h  more t h a n  7 - f o l d  
t r a n s p o r t - - g r o w t h  a b o u t  4 - f o l d  
a g r i c u l t u r a l  machinery--more t h a n  2 - f o l d .  
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I n  U . S .  p r a c t i c e ,  ene rgy  i n p u t s  i n t o  maize  p r o d u c t i o n  have 
grown 3.15 t i m e s  w h i l e  t h e  c o r r e s p o n d i n g  o u t p u t  h a s  grown o n l y  
2.4 t i m e s .  Thus EE h a s  d e c l i n e d  from 3.70 t o  2.44-- tha t  i s ,  by 
more t h a n  50%. 
These dynamics and t h e  u n d e r l y i n g  s t r u c t u r e  o f  e n e r g y  i n p u t s  
t o  maize p r o d u c t i o n  a r e  a  r e g u l a r  consequence  o f  t h e  agro-  
t e c h n o l o g i c a l  p o l i c y  p u r s u e d  i n  a l l  t h e s e  y e a r s  and i n  a l l  o f  t h e  
"advanced" maize-producing c o u n t r i e s - - t h e  p o l i c y  o f  "grow o r  go" 
( t h a t  i s ,  produce  o f  else!) .  By t h i s  a p p r o a c h ,  t h e  needed growth 
o f  maize p r o d u c t i o n  was o b t a i n e d  a t  t h e  expense  o f  a n  even  g r e a t e r  
growth i n  e n e r g y  e x p e n d i t u r e s .  I n  f a c t ,  t h e  most  r a p i d  growth h a s  
been i n  p r e c i s e l y  t h o s e  i n p u t s  which a r e  m o s t  e n e r g y - i n t e n s i v e .  
Even s u c h  a  n o t a b l e  achievement  a s  t h e  i n t r o d u c t i o n  o f  h y b r i d  s e e d  
v a r i e t i e s  was d i r e c t l y  o r i e n t e d  toward  b i o i o g i c a l  r e a l i z a t i o n  o f  
c o n c e n t r a t e d  u s e  o f  f e r t i l i z e r  and i r r i g a t i o n - - t h a t  i s ,  some o f  
t h e  most e n e r g y  i n t e n s i v e  e l e m e n t s  o f  t h e  p r o d u c t i o n  t echno logy  
p r o c e s s .  
I n  t h e  second h a l f  o f  t h e  1 9 7 0 1 s ,  w e  have r e c o g n i z e d  n o t  o n l y  
t h e  anx ie ty -p rovok ing  c o n n e c t i o n s  between t h i s  p o l i c y  and  t h e  
g e n e r a l  growth o f  p r i c e s ,  s t i m u l a t e d  by a  fundamenta l  r e v i s i o n  i n  
wor ld  p r i c e s  f o r  o i l  and  o t h e r  nonrenewable r e s o u r c e s .  I t  i s  i m -  
p o r t a n t  t o  emphasize a l s o  t h a t ,  i n  a d d i t i o n ,  b o t h  r e s e a r c h  and 
p r a c t i c a l  e x p e r i e n c e  have  shown t h a t  b i o l o g i c a l  p o s s i b i l i t i e s  f o r  
r e a l i z a t i o n  o f  c o n c e n t r a t e d  e n e r g y  i n p u t s  have  o b v i o u s  l i m i t s  (see 
F i g u r e  5 )  and can  b e  s h a r p l y  i n c r e a s e d  o n l y  on  t h e  b a s i s  o f  i n -  
c r e a s e  i n  t h e  e f f i c i e n c y  o f  b i o l o g i c a l  p r o c e s s e s  o f  p h o t o s y n t h e s i s  
and a  complex o f  c y t o l o g i c a l  and morpho log ica l  c h a n g e s - - i . e . ,  a l l  
o f  t h a t  which can  form t h e  c o n t e n t  o f  a  new s t a g e  i n  t h e  t r u e  
"g reen  r e v o l u t i o n "  a s  d i s t i n c t  from t h e  " b l a c k  ( o i l - b a s e d )  r e v o l u -  
t i o n  on g r e e n  f i e l d s  " . 
I n  t h e s e  same y e a r s ,  t h e  s e a r c h  f o r  a l t e r n a t i v e  s c i e n t i f i c -  
t e c h n i c a l  o p t i o n s  i n  ma ize  p r o d u c t i o n  h a s  been s t e p p e d  up,  r e l a t i n g  
n o t  o n l y  t o  new a g r o - b i o l o g i c a l  o p t i o n s  ( " s o f t w a r e " )  b u t  a l s o  t o  
e n g i n e e r i n g  o p t i o n s  ( "ha rdware" )  which a l l o w  new p r o d u c t i o n  pro-  
cesses t o  be c a r r i e d  o u t ,  and  t o  i n n o v a t i o n s  i n  t h e  o r g a n i z a t i o n a l  
( socio-economic)  approaches  t o  t h e  u s e  o f  t h e s e  s c i e n t i f i c -  
t e c h n i c a l  p o s s i b i l i t i e s  ( " o r g w a r e " ) .  
N i t r o g e n  (pounds  p e r  a c r e )  
Sou 
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A l l  of  t h i s  mus t  c e r t a i n l y  l e a d  ( and  i s  a l r e a d y  l e a d i n g )  t o  
s t r u c t u r a l  c h a n g e s  i n  t h e  e n e r g y  b a l a n c e  o f  ma ize  p r o d u c t i o n  t e c h -  
n o l o g y ,  which i n  t u r n  w i l l  b e  an  e x p r e s s i o n  o f  a  new g e n e r a t i o n  
o f  i d e a s  i n  o r g a n i z e d  a g r o - t e c h n o l o g y ,  c o n n e c t e d  w i t h  t h e  p r i n -  
c i p l e :  "change  a n d  grow,  o r  go"  ( i . e . ,  improve  r e s o u r c e  e f f i c i e n c y  
o r  e l s e ! ) .  I n  an expanded  form,  t h i s  p r i n c i p l e  c a n  be  f o r m u l a t e d  
i n  t h e  f o l l o w i n g  way: 
P r o v i d e  f o r  g rowth  i n  t h e  q u a n t i t y  a n d  q u a l i t y  
o f  g r a i n  p r o d u c t i o n  by s y s t e m a t i c a l l y  improv ing  a l l  
components  o f  o r g a n i z e d  a g r o - t e c h n o l o g y  and  by i n -  
c r e a s i n g  on  t h i s  b a s i s  i t s  e n e r g y  e f f i c i e n c y  and  e c o -  
nomic e f f e c t i v e n e s s  i n  r e l a t i o n  t o  b o t h  f i x e d  and  
v a r i a b l e  " s u b s i d i e s "  ( i n p u t s )  i n t o  t h e  t e c h n o l o g i c a l  
s y s t e m .  
5 .  EE TREND ANALYSIS: PATHS I N T O  THE FUTURE 
The f u t u r e  i s  a lways  a  c o n t i n u a t i o n  o f  t h e  p r e s e n t ,  i n  t h e  
s e n s e  t h a t  n e c e s s a r y  c h a n g e s  w i l l  be changes  i n  c u r r e n t  t e n d e n c i e s  
and  f u t u r e  i n n o v a t i o n s  w i l l  be  new p r e c i s e l y  i n  r e l a t i o n  t o  t h e  
e x p e r i e n c e  a n d  p o s s i b i l i t i e s  accumula t ed  up t o  now. T h i s  a s s e r t i o n  
i s  e s p e c i a l l y  j u s t i f i e d  when w e  a r e  d i s c u s s i n g  t h e  f u t u r e  o f  com- 
p l e x  and  l a r g e - s c a l e  s y s t e m s  which c o n t a i n  smoo th ly  e v o l v i n g  ele- 
ments  r e l a t e d  t o  n a t u r a l l y  c o n d i t i o n e d  s u b s y s t e m s .  And t h e  s y s t e m  
w e  a r e  s t u d y i n g - - t h a t  o f  ma ize  p r o d u c t i o n - - i s  a  s y s t e m  o f  t h i s  
t y p e .  
W e  t h i n k  t h e r e f o r e  t h a t  any  a t t e m p t  t o  u n d e r s t a n d  t h e  p o s s i b l e  
f u t u r e  e v o l u t i o n  o f  t h e  ma ize  p r o d u c t i o n  s y s t e m  s h o u l d  b e g i n  by 
s e e i n g  what  would happen i f  t h e  same p a t t e r n s  o f  change  o b s e r v e d  
t o d a y  w e r e  t o  c o n t i n u e  i n  t h e  f u t u r e .  T h i s  i s  t h e  " b u s i n e s s  a s  
u s u a l "  s c e n a r i o ,  n o t  o f  c o u r s e  i n  any  s t a t i c  s e n s e  o f  p r e s e r v i n g  
t o d a y ' s  t e c h n o l o g y  b u t  r a t h e r  i n  t h e  dynamic s e n s e  o f  p r e s e r v i n g  
t o d a y ' s  e v o l u t i o n a r y  t r e n d s .  T h e r e  c a n  b e  n o  d o u b t  t h a t  change  o f  
some k i n d  w i l l  c o n t i n u e  i n  t h e  f u t u r e ;  t h e  q u e s t i o n  i s  what  k i n d .  
And by p r o j e c t i n g  p r e s e n t  t r e n d s  i n t o  t h e  f u t u r e ,  w e  c a n  e s t a b l i s h  
a  " b a s e  l i n e "  f rom which t o  d e v e l o p  h y p o t h e s e s  a b o u t  a l t e r n a t i v e  
" p a t h s  i n t o  t h e  f u t u r e " .  
5.1 Base-Line P r o j e c t i o n s  
By a p p l y i n g  t h e  " l i n e a r i z a t i o n "  method t o  t h e  
time-series d a t a  d i s c u s s e d  i n  S e c t i o n  4 ( T a b l e  3 ) ,  w e  o b t a i n  t h e  
" b u s i n e s s  a s  u s u a l "  p r o j e c t i o n s  o f  o u r  d a t a  on t h e  v a r i o u s  forms  
o f  e n e r g y  i n p u t s  u s e d  i n  maize  p r o d u c t i o n  i n  t h e  U.S.A. ( S e e  
F i g u r e  7 . )  N a t u r a l l y  t h e  c o r r e s p o n d i n g  t r e n d s  f o r  o t h e r  c o u n t r i e s  
would be  somewhat d i f f e r e n t ,  b u t  w e  s u s p e c t  t h a t  r o u g h l y  t h e  same 
g e n e r a l  p a t t e r n s  would a p p l y  i n  most d e v e l o p e d  c o u n t r i e s ,  o n l y  t h e  
t i m e  s c a l e  d i f f e r i n g  s i g n i f i c a n t l y .  
F i g u r e  7 shows t h a t  - i f  p r e s e n t  t r e n d s  w e r e  t o  c o n t i n u e ,  t h e n  
l a b o r  u s e  i n  ma ize  p r o d u c t i o n  would d r o p  t o  a b o u t  z e r o  b e f o r e  t h e  
end  o f  t h e  n e x t  2 0  y e a r s  w h i l e  t h e  u s e  o f  a l l  o t h e r  t e c h n o l o g i c a l  
i n p u t s  would c o n t i n u e  g rowing  v e r y  r a p i d l y .  W e  see a t  o n c e  t h a t  
t h i s  " s c e n a r i o "  i s  i m p o s s i b l e ,  which r e i n f o r c e s  o u r  b e l i e f  t h a t  
q u a l i t a t i v e  a l t e r a t i o n s  i n  t h e  p a t t e r n s  o f  change  a r e  i n e v i t a b l e .  
( a )  LABOR 
1 9 4 5  5 3  6 0  68  7 5  83  9 0  
(c) GASOLINE 
1 . 
1 9 4 5  5 3  6 0  6 8  7 5  83 90 
(b) MACHINERY 
1 9 4 5  5 3  6 0  6 8  7 5  83  9 0  
( d )  FERTILIZERS 
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Not o n l y  i s  t h e  d e c l i n e  i n  l a b o r  u s e  s u r e  t o  t a p e r  o f f  soon ,  b u t  
a l s o  t h e  growth o f  o t h e r  i n p u t s  c a n n o t  c o n t i n u e  i n d e f i n i t e l y  a t  
t h e  p r e s e n t  r a t e s .  A s  w e  have a l r e a d y  d i s c u s s e d  i n  a n  e a r l i e r  
s e c t i o n ,  r e s o u r c e  s h o r t a g e s  and h i g h  c o s t s  w i l l  s u r e l y  c a l l  f o r t h  
a p p r o p r i a t e  t e c h n o l o g i c a l  innovations--new t e c h n o l o g i c a l  o p t i o n s  
which a r e  n o t  o n l y  a g r i c u l t u r a l l y  e f f e c t i v e  b u t  a l s o  energy  
e f f i c i e n t  . 
Table  4 shows o u r  b a s e - l i n e  p r o j e c t i o n  o f  ene rgy  e f f i c i e n c y  
i n  maize p r o d u c t i o n .  T h i s  s t e a d i l y  d e c l i n i n g  t r e n d  shows q u i t e  
c l e a r l y  t h e  need f o r  a l t e r a t i o n s  i n  t h e  p r e s e n t  p a t t e r n s  o f  t e c h -  
n o l o g i c a l  change. 
5 . 2  T e c h n o l o g i c a l  P o s s i b i l i t i e s  f o r  D e f l e c t i n g  t h e  Trends  
What s o r t  o f  i n n o v a t i o n s  might  w e  hope f o r  t h a t  w i l l  improve 
t h e  above-descr ibed s i t u a t i o n ?  Can w e  v i s u a l i z e  ways i n  which 
c u r r e n t  t r e n d s  i n  t h e  v a r i o u s  s t r u c t u r a l  e l e m e n t s  o f  e n e r g y  e f f i -  
c i e n c y  c o u l d  be  a l t e r e d  f o r  t h e  b e t t e r ?  
To b e g i n  w i t h ,  w e  s h o u l d  n o t e  t h a t  numerous a u t h o r s  have 
s u g g e s t e d  s p e c i f i c  t e c h n o l o g i c a l  changes  which migh t ,  i n  one  way 
o r  a n o t h e r ,  h e l p  t o  s o l v e  t h e  o v e r a l l  food-energy dilemma. One 
c l a s s  o f  o p t i o n s ,  i n s p i r e d  by t h e  i d e a  " s m a l l  i s  b e a u t i f u l "  a s  
a n  a l t e r n a t i v e  t o  t h e  approach ( p o p u l a r  i n  m o s t  developed coun- 
t r ies)  " t h e  b i g g e r  t h e  b e t t e r " ,  s e e k s  t o  p r o v i d e  i n e x p e n s i v e  ways 
o f  r e d u c i n g  a g r i c u l t u r a l  demand f o r  f o s s i l  e n e r g y  s u p p l i e s - - e . g . ,  
t h r o u g h  i n c r e a s e d  use  o f  w i n d m i l l s  and windmotors ,  w a t e r  wheels  
and s m a l l  w a t e r  t u r b i n e s ,  s t eam e n g i n e s ,  motors f u e l e d  w i t h  gener-  
a t o r  g a s  or  p l a n t  o i l ,  e t c . [ 7 ; 2 2 ; 2 3 ,  pp.61-21 Another  set  o f  op- 
t i o n s  i s  des igned  t o  r e d u c e  a g r i c u l t u r a l  ene rgy  demand a l t o g e t h e r  
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by r e d u c i n g  energy  i n t e n s i t y  ( e . g . ,  by i n c r e a s e d  use  o f  manure, 
c r o p  r o t a t i o n s ,  and i n t e r p l a n t i n g ,  i n s t e a d  o f  m i n e r a l  f e r t i l i z e r s  
and o t h e r  chemica l  t r e a t m e n t s ;  "minimum t i l l a g e "  t o  r e d u c e  f u e l  
usage o r ,  a l t e r n a t i v e l y ,  i n c r e a s e d  t i l l a g e  t o  r e d u c e  h e r b i c i d e  
use ;  e t c . ) . [ 4 ; 7 ; 2 4 ; 2 5 ;  and many o t h e r s ] .  O p t i o n s  i n  t h i s  c l a s s  
t y p i c a l l y  i n v o l v e  f a c t o r  s u b s t i t u t i o n  (e.  g .  , l a b o r  i n s t e a d  o f  f u e l )  
r a t h e r  t h a n  t r u e  i n c r e a s e s  i n  e f f i c i e n c y  (by  which w e  mean i n -  
c r e a s e s  i n  o u t p u t  from a  g i v e n  se t  o f  i n p u t s ) .  F i n a l l y ,  t h e r e  i s  
a  c l a s s  o f . o p t i o n s  which a r e  i n  f a c t  aimed a t  improving e n e r g y  
e f f i c i e n c y  p e r  se. Such o p t i o n s  i n c l u d e  s t e p s  t o  o p t i m i z e  t h e  
e f f i c i e n c y  o f  p h o t o s y n t h e s i s ,  maximize t h e  u s e  o f  p l a n t  e n e r g y  
once it h a s  been f i x e d ,  minimize t h e  u s e  o f  w a s t e f u l  i n f r a s t r u c -  
t u r e s ,  r a t i o n a l i z e  t h e  t i m i n g  and o r g a n i z a t i o n  o f  f a r m - r e l a t e d  
a c t i v i t i e s ,  e tc .  (e . g . ,  [ 2 4 ]  ) . 
L e t  us  now r e c o n s i d e r  o u r  " b u s i n e s s  a s  u s u a l "  p r o j e c t i o n s  
i n  l i g h t  o f  t h e s e  p o t e n t i a l  i n n o v a t i o n s .  
I n  t h e  c a s e  o f  l a b o r  consumpt ion,  w e  have a l r e a d y  s e e n  t h a t  
t h e  r a t e  o f  d e c l i n e  i s  s u r e  t o  become more modera te .  Some f u r t h e r  
s a v i n g s  i n  l a b o r  i n p u t  p e r  u n i t  l a n d  w i l l  p r o b a b l y  be  o b t a i n e d ,  
however, t h r o u g h  f u r t h e r  improvement i n  t h e  q u a l i t y  and e f f i c i e n c y  
o f  machinery u t i l i z a t i o n ,  e l i m i n a t i o n  o f  some s t e p s  i n  t h e  produc- 
t i o n  p r o c e s s ,  etc .  Labor use  may b e  e x p e c t e d  t o  d e c l i n e  more-or- 
less a s y m p t o t i c a l l y  toward  a  f i n a l  l e v e l  d e t e r m i n e d  by t h e  economic 
and a g r o - b i o l o g i c a l  c o n d i t i o n s  i n  t h e  g i v e n  c o u n t r y .  No a b s o l u t e  
i n c r e a s e  i n  l a b o r  u s e  i s  l i k e l y  u n t i l  and u n l e s s  t h e  c o s t s  o f  o t h e r  
i n p u t s  r ise  s u b s t a n t i a l l y  r e l a t i v e  t o  wage r a t e s ;  t h i s  w e  s u s p e c t  
i s  u n l i k e l y  i n  deve loped  c o u n t r i e s  i n  t h e  immediate  f u t u r e ,  s i n c e  
i n c r e a s e s  i n  t h e  c o s t s  o f  o t h e r  i n p u t s  may w e l l  e i t h e r  c a u s e  o r  
be  caused by wage i n c r e a s e s .  And even i f  f a c t o r  c o s t  changes  
f a v o r i n g  i n c r e a s e d  l a b o r  u s e  w e r e  t o  o c c u r ,  t h e  c o r r e s p o n d i n g  
changes  i n  farm p r a c t i c e  would n o t  happen o v e r n i g h t .  
we s h o u l d  n o t e ,  by t h e  way, t h a t  changes  i n  t h e  q u a n t i t y  o f  
l a b o r  i n p u t  a r e  n o t  t h e  o n l y  e x p e c t e d  i n f l u e n c e  o f  l a b o r  on t h e  
s t r u c t u r e  o f  EE.  Perhaps  even  more i m p o r t a n t  a r e  t h e  q u a l i t y  and 
o r g a n i z a t i o n  o f  work,  p a r t i c u l a r l y  t h e  t i m e l i n e s s  w i t h  which 
v a r i o u s  p r o d u c t i o n  s t e p s  a r e  performed and t e c h n i c a l  means a p p l i e d ,  
r e l a t i v e  t o  t h e  l i f e  c y c l e  o f  t h e  ~ a i z e  p l a n t .  
The l a r g e s t  and a l s o  t h e  most r a p i d l y  growing g e n e r a l  ca tegory  
of energy use i n  maize produc t ion  i s  t h a t  o f  f e r t i l i z e r s ,  which 
must t h e r e f o r e  be seen a s  t h e  f i r s t - r a n k i n g  f a c t o r  a f f e c t i n g  EE. 
Economic c o n s t r a i n t s  on t h e  f u r t h e r  r a p i d  growth of t h i s  t r e n d  
w i l l  s t i m u l a t e  a  more and more a c t i v e  s e a r c h  f o r  e f f e c t i v e  ways 
of  r e p l a c i n g  i n d u s t r i a l l y  made f e r t i l i z e r s  w i t h  b i o l o g i c a l l y  made 
ones ( through c rop  r o t a t i o n s  and e v e n t u a l l y  perhaps  t h e  development 
o f  n i t rogen - f ix ing  maize p l a n t s ) .  
Another ve ry  r a p i d l y  growing* fami ly  o f  energy i n p u t s  is  t h a t  
of machinery and t h e  f u e l s  and e l e c t r i c i t y  neces sa ry  f o r  o p e r a t i n g  
it. The "low- o r  n o - t i l l a g e "  approach can reduce t h i s  k ind  o f  
energy s u b s i d i e s ,  though of  cou r se  it imposes new demands o f  i t s  
own ( e . g . ,  f o r  i n c r e a s e d  h e r b i c i d e  u se ,  w i th  cor responding  energy 
c o s t s  and p o l l u t i o n  h a z a r d s ) .  The demand f o r  p r o t e c t i o n  of  s o i l  
a g a i n s t  e r o s i o n  g i v e s  a d d i t i o n a l  s t i m u l u s  f o r  development o f  t h i s  
o p t i o n .  Fuel  and e l e c t r i c i t y  demand w i l l  remain h igh ,  however, 
f o r  purposes o f  i r r i g a t i o n ,  s i n c e  t h e  problem o f  i n s t a b i l i t y  i n  
p r e c i p i t a t i o n  i s  a  s e r i o u s  one f o r  some impor tan t  maize-growing 
c o u n t r i e s .  
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~t i3r? s&$- I <  ~ 3 2  ' I ~ c ~ T ~ z . : T ; ~ . ~ ~ L ~  of s c i c n t  i f i e  r e s e a r c h  22  t he  LrLSR 
involvez a m~rcil -:.::i.der in=;lci.il..r!l-i.zi;iori o? P. s y s t e ! ~  ap2rczch bo th  ! L ~ ~  
t h z ~ r ' ~ % ~ - c ~ l  analys2.a of r\:.-cblexs as c v;3.ole, a.nd a c.o;iii:lex dec;ir-i.ic:a 
. . m 7- oB ei:;?l.ic:i p ~ o 5 i c r ; a  in p a ~ ~ ~ ~ z l z r .  .t L L ~  syst cx apr;~.-ozch t o ~?.anagc~zr_-i; 
I n  t h e  f J c X  o f  nci.ence 5;;!3 tecirl,-;,o3_0g~ r e q ~ ~ j . ~ c a  t o  carry out rz;carc:?. 
i r ~  nx.;br i2-k s rzo :nzs t  26- C i 2 2 2 . t  LOX m-8. 2 k ~ ~ 1 G  be bancd on co:msn p r i x -  
cig'.c$: .r:;v?iczl t o sr)cizz,:i;sl cdc-ie!;..-, ,, 3n ';be Soviet  Urioc.  t h c  ~ E . ~ E : ~ c ' B -  
mejri; of  :(r,znageac:~-i; -technicli:ee C ? . C T I L ~  rysterns is !,igi-~t1.y 'r;oi?.rid with sciz- 
t l c z  2c.f i;cner& ncir,sgznen-; >zc51cns of ali ~ j e ~ p l e '  F; ec?:lomy aRC 3e ing  
- - .  
~cco l a~ f - : l sh~ r i .  s!F .?li.n 7;ke .r;; ,ec1~J.1.z~d I ~ X ' O ~ Y ~  fox  1~A;har i rnprc~/?lr . :~i ,  
o f  n~nas~r;,ei:t of rcse:irzh, 2svelcpzenf and j.rnp1~nen.t; at  ion o.f n.e!:. i; t3si:.- 
n a l o g ~ - .  
!!,'h$ g e ~ e r a l  c.cr,c2pt 02 t l ie ?rog;,?am i ~ ~ ~ c ~ l . v ~ e s  the s p t  en ~~l.el.:, ZL s 
of rr,alzn ge:!:ent pyol;lcms , t 3 c  Z c r e l o p ~ ? z ~ ~ t  a 5  d c t  e m i n o t  ior l  ol" c i  t?::i s j .o~ . -  
l .~~ ,%l r -~ i ;  jjrscess as well. as c l o s e  i ~ t c r a ~ t i o n  cf ilec5-siofis t d i i n g  in the 
i sr2a a d  .I;!loso in c t h e r  brznches of t h e  peoplef s econcizy. 
Tiit? cc~ncept: is pnr A , i~  l,.-i:,?.?_lg r ea l i7 . ed  tl;sou@:. t h e  d e y ~ e l o p r i e r ~ - >  CT' 
a m m b c r  94 mt7;zlly connrctr-3 . ime~r~:res ir, acccrda.ce 1%i.t!1 min  ger-'i:: 
or re-~qn--v* th at 6if f cren t  1.evcls oi rn~-r,asc?ne2t sys t  ex hiex-hai-c!ly 
o r d e r  t c  prc;vj.de .i;iie rnari2g~mec.t; of t h e  -,i-;l~lc Itrnesearsh - ?rcduc!:io:: - 
lizpleincntat ioiIH c y c l e  a f  s c i e n t  lfl..c :i.lii -k ech~ol.ctqf.c~.l acl:.ie~xea'; s i i l  
ths pecplei s eccncxy,  
011b ol' rriain Fc?aSailc?s .t CI ~ ; T , I J ~ G . c ~ ~  t h e  rza.nazexerltt in sc iexce  r,r-:? 
t ec';mr?:ogy ic t 0 u!. i l j . : ~ e  y, pp?.-o.j ec::i; z ~ ~ ~ . ~ . l z ~ . g . I ;  approach;  l jy t h i s  v:e 
meac 2 : n ~ l i s . y r m z ~ ~ t  ,-,imed t 3 achicvc: ' ~ 2 2  p r o j e c t  f i n a l  goci l s  provif3eqci. 
* Institute of Systems Studies, Moscow, USSR 
t h a t  l o c a l  components of t h s  f i n s 1  goal  (concrete  tw!-s )  zrc  t o  b z  
u c c o ~ p ~ ~ i s h s d .  i n  t h e  defined tLze f r m c s .  Ey nature ,  ~k:c pro2cc'c aa- 
nageme~~t i s  conplex a d  dsna~ds  thz  use  ~f t h e  sys ten  approaz!: i x  
considering all managerial aspects ,  s tudying t h e  i n t  ercomec  t iou of 
ind iv idua l  f zc to r s  and making dec is ions  cnly on t h e  bas5.s of P a c t o ~ s  
nrutual e f f ec t  evaluation,  
Now in t h e  USS3 Cvhe methods of t h e  projec-i; m~asgeuent  a r e  viiciely 
used and we become more p ro f i s l en t  i n  managing productj-on u n i t  F, fcr 
example t he  B r ~ t  s k - I l i r ~ s k  production complex, e t  c. The na.aage!::e-t n a -  
thodology of s c i e n t i f i c  t echnica l  p r o j e c t s  i a  e s ~ c c i a l l y  i r c p o A ~ n t  
at presant ,  t he re fo re  inuch a t - tent ion i s  paid t o  i t s  d e v e l o p ~ e n t .  Dne 
of t h e  most s i m f i c a n t  methodological problems i s  t h a t  comet-Led with 
t he  research and developnent of management infoxmation flystem (!.'!IS! c )  
To r e n l i z c  xz in  pr inc ipa l0  of  the pro jec t  management, conprehe~s lve  in--  
folmat i o n  necessary f o r  me.king dec is ion  at a13. rnaag~ t l en t  l cve lo  
ehoxld be avai lable .  The preparat ion of  such informat ion ,  i t s  9s;oces- 
sfrig a ~ d  preuente t ion i n  t h e  fo+m con.vinient f c r  dec i s ion  ma kin^ are  
tk2 1d.n goal of t h e  XIS. 
To develop XIS'S t h e  system approach shoul-d be used- v~hich elioir:s 
t o  consider  t h e  p;.oblem Ein z vurilole, de f ine  t h e  interfsc,c+ o f  t h e  g i w n  
aystem with t h e  o thers ,  s i ~ g l e  cut p r i n ~ r y  C O C > C ) ~ ~ ~ - t s  a d  G g a i ~ i  i?:<c,- 
grzte a v.'fi3le system. 
F i r s t  oi" a l l ,  mein i.nforlnation system requirement s snoulr! 7 : . ~  
highl igh t  cd i n  o rde r  t o  det  e r ~ i n e  i t s  parcmet crsa The requirenent s 
de-,end upon d a t a  p r o c e s s i ~ g  procedures a t  every s tage  of t h e  p m j e c t  
l i f e  cyc le ,  as well  as t h e  s t r u c t u r e  of information used. The ].ire 
cycle 0I" any project  can be subdivided i n t o  t h s  fol lowing s tages :  goal 
d e f i n i t i o n s ,  plannizg and r ea l i za t ion .  The first e t  age involves 12llfi.L- 
ment of goorly defined procedures, f ~ r  example det e m i n a t  i o n  a i d  def i -  
n5t ion of  main guals ,  t h e i r  iecorcgosj.tion, s e l e c t i o a  3 r d  evdun-5i.o-r, 
of a l t e r n z t i v e  d2c i s io r3  concerning echiavement of g o d s  and rcr;:?xrces 
required,  a s  well  z s  evaluat ion of i nd iv idua l  project  s par t  i c f  sz:<t 3 
c a p a b i l i t  i c s .  
The i n f o m a t i o n  used t o  f ' u l f i l  t h e s e  proced?t.res i s  i~xz l i tn t i7 r~! -y  
expressed acd corxect ed ~ 5 t h  p o l i t i c 2 1  , s o c i a i ,  economic =d ecolot5i- 
c a l  aspects  of t h e  discussed s c i e n t i f i c  p ro j ec t ,  anal.ys5-s of f i - r , d ~ ~ ~ s n -  
t d  s c i e n t i T i c  s t u d i e s  and t h e i r  f i r t h e r  evolut ion,  f e a s i b i l i t y  i ~ i '  fu.rl- 
r. danent a 1  s t u d i e s  r e s u l t s  and di f feyznt  t echzolcgies. I hs u t i l i z s i 5 o n  
of p o o r l y  d.efi?.ed I r i Y a 1 ~ ~ ~ t i i ; n  and t hc ;lczese",t y cf f i l l f ' i f . l i ~ s  r5 , ik;( . ;~cl ,  
a . n. t : x~oc ;ed~- . r r~~  :_: 0~ 5 ~ ~ r c z e s s i n g  jlistif:'j /spc;..rc x*equi.r:c,3:.3: 3 i; I,~,? 2 : ~  
J. ~3;c s tnso  cf g a l  % e f l a i t L n z a  These r - a q u l y e a z n t s  incJ.:~ctz: 
- r,scessi';y of  continlxcus ds. te  cor rec t ion ,  uue or" e:;:~erks; es.:i- 
n .  mates, s u b j e c t i v e  ess:;rates in1;u.t; 
- creat i ; ra  o l  s p e s i a l l y  argmiztl-d dzt  a t~al: ,  coc.L:~ir~.:'Lng 1-27.3 f ac-k .; 
descrj.gtive rcaieziels  m d  addresses- w>ii=h shovr -z;iei.e ( i  ,F;, cl?.,.-l;a. 
b m s  of o-t;!:er o r g a n i z a t i ~ n o )  -$he rresagsarj* info~aeiicn ie sic-- 
red;  
- pas..-ibility of access tc! th2 i 2 f o m a t i o n  nddrcsans o f  1:;17:L~,il a r a  
sto;rr;d i n  t l l ~  1213 data bank. 
To sat2.sfy t h e  above men+;ioned req~.i iscmefi~~s t he o y a t a i i  ~1-1sl. 
2ro11ide man - mackri3.s d i a l o p . ~ ,  
- pi-ovide comi-uter - t o  - comput 31% da ta  t r a n s l ; l i c ~ F ~ i ~ O  
- hcve advarlcea and adaptive soc-iv~are t o  solve ~ j . r z l . i l e  b ~ i ;  sqpci.a-- - 
zalcil1e.t i o n  
IF-+ i s  necesse.yz t o  p c i ~ t  out  t k s t  a t  p m s a ~ t  1.iISt :;, ~~ku:ski . : : z  Lx 
~ p c ? r e t i . o i ~  zr bzing deTielcpsd do not f u l . 1 ~  nee-t - thzse rsq;lir;;:~en-b ;A fIo-. 
, ,  wever, t h e  ana lys i s  made def ines  t h e  q u a l i t a t i v e  pec-:uil ;~r!.tiec; , o  .,e 
t aken  i c t o  account i n  t h e  process of f u r t h 3 r  dc~rc1op~en-t 233. i:.:>r2yzt..- 
nent of  t h e  current systems, 
The st a.ge cf i ~ l a n 3 i n g  f o r  ~ x i y  p r c  j ec t  m p p o s e e  tile fi~ifiirr~<:i!t of
soms prcced::res con-rlzctec! v ~ i t h  d r a v r i . ~ ~  plans,  t h e i r  cc??zc l~ t ior?  2-:!;! 
correct ion,  as v:ell a5 o t h e r s  w e l l  dt-$fined cr,d 5ci12q c z r r i ~ c !  out; ::.LY:J. 
Ii'lf0rmatio;r ust?d 2,: t h i s  stage i s  ucuh l i y  perfectly d e f i ~ n c !  a=ld :,j.::-ez-- 
, . dy d o c ~ ~ e i i t  eci, The LIIS s wid :?ly uqpd i n ,the USSR 2-t t h  a pre=ia-lt  ~:i:-.;? 
f u l f i l  p 2 ~ c t i c a l l ; .  a l l  data  srocessir~.g ; ~ ~ c e d u r a s  at t h e  3-i-ag2 ci' pizi:- 
m * c ' -  I nii:g, l r l i s  stage daes  not i r nyc r~e  m y  t :pecif ic  dzrna: ls  -dpon a l S l i b .  '2hel-L 
fo re  co:iip~t; er5.zed inf'or.nat i ou  s ~ s t  ems f ind  v!j.de upplj-ca-1: i OTA i n  t i l e  p r c ~ -  
cess  o f  plaslning m a - t  o f  scientific pro jec t so  
1.t is r!:are difficu.?.t fci* a XIS 'i9 filfil prccedures at i h s  n:':;zec-'L 
r e a l i z z t  icfi .  s t ~ ~ e .  !Lost; of theill ara v!eIl known, d~-r"ined. a r d  carr.lcd o..: ;-: 
by- 1;1zi?y 7,:IS'S. 
Tile :;\Li.lfiZTr.ex~t 3f d ~ t  s p r c c ? z z i n ~  ~x-~)c,~?Ci'~;'.c-s 2.!: the st :-;F C: 
plamif ig  CJ:< r e s i i z a t i c n  i s  r a t h e r  s inp lz  i.r, c . s e  of ~ro jec- t :  I , ; : : I ;~~E- 
lnent witpin a. s j.nl;;ls t v m c h  .of thc pccpler s economy bx-1- Secsxc~:, 13101~~3 
d i f  f i c u i t  \-:hen applied t c  i n t  erbrziich sci-.enti f i c  arid t FJC~:XLCSI. ':lrn;j el.-;.. 1; 
C'ader such ccndit i o m  t k e  proce2ures of in* erbrmc3. c?o?5i::,r.:'i i c - r ~  c::!d 
i n t e r a c t i o n  o r 5  ir, o t h e r  viords, the  7rocedilres o f  co3-;.elaiicjl.; 3f iz21-- 
vidual  p2rt icipar-tu '  i o c s l  goals vii';l~ t h e  pro2ect i;;l;kzL g~01. a ~ o .  3f 
grest  inpor i  ance. 
To scco;llplish these  procedures I t  i s  nrcecsarjr t o  5evelcp 3. saC 
of models, which nake i t  possible t o  manage p:.wject 2laiming :;ecIi rdz- 
l i z a t  i o r  by coordina?ing l o c a l  goal-P. 
The proposed set of models (~i;;, 1) incluiios f0k:r: ~!xtu;.l?,;- co3- 
r-ectsd nodels,  each of vrhich i s  iztzxded t o  so:-r~ ::,c~Lcf~ t z s l , ~  cznce1:- 
ning da ta  processing a d  uses  oile of d a t a  basc.  
A data  bank incl.ude,q plenning r s  ,aiplme??-L s f o r  3ec.41 ??,zr'; li.2;. l!a-'It 
i l o c a l  goals)  , przmi3t e r ~  of nain o > e ~ . a t  i.o:na carried. oil-t: ac.r:o~.:r i ;:; t o 
t h e  yrog=.cj;rc and t h e i r  ;n~itual conriec-L i on ,  d i r e c t i v e s  ( :;lobnl. 2 ; r j ~ l j  , PZ.- 
. . r a ~ , e t  t2l.s cf par:; i c i p a ~ . t  s 1 resc,urz; s a:id ir;dLcs s 02 tIrt?.L.r. cu:~:.!=~?r~.;: t>...,r:." ?---  
v i t  y. !?he graph c\f ? ro  j ::ct st ~ t u s  rz~:~~;::al conzect: i o f l  ?.: a xirlt, i:;1..'2>.?!, 
. . 
which r e f l e c t s  t h e  projec-t global  goal zs  well  as  +;lo;? a3.d lii?.>:l.~;:g 
- 'n- 
-Lies betwc2n every p a ~ t l c i p a n t  1s  assignments acd t h e  tl;lol-;nl go2j.l. -2- 
.L - .  cine crcss-sect ion of t h e  multigrapk i i a  e tqT7^ ,- v-dirnennio:~ ~ n x . ; . l  (3 2 par--  
t i c i p a n t s l  i n t e r a c t i o n  a t  a given rloment of t i n e o  Thi.se ~ z c g : . ~  is ~ 1 ~ ' : : e -  
17 bocnd :r,dth a nodel of d p a n i c  st a t u s  cherqe, vihic;;? F3 ~ I S - ? C I ~ ~ G ~  t C) 
organize i n i t i d  ir-fornation,  s e l ec t  indice;; c b r a c 5  er' A & A  :7'ng i% sr- 
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LONG-RANGE GOAL-ORIENTED RESEARCH AND DEVELOPMENT PROGRAMS 
AS AN OBJECT FOR TECHNOLOGY ASSESSMENT AND SYSTEMS ANALYSIS 
Ryszard Wasniowski* 
I. WHAT IS  A LONG-RANGE GOAL-ORIENTED PROGFUM? 
Nowadays programs a r e  o f  i n c r e a s i n g  impor tance .  They have 
g r e a t  p o t e n t i a l  impact  o n  socio-economic development,  b u t  t h e  
magnitude o f  t h e  r e s o u r c e s  engaged ( ' f i n a n c i a l ,  m a t e r i a l  and man- 
power ) ,  t h e  h i g h  c o s t  o f  f a i l u r e ,  o t h e r  p o s s i b l e  n e g a t i v e  conse-  
quences ,  t o g e t h e r  w i t h  many o t h e r  problems concerned  w i t h  t h e i r  
r e a l i z a t i o n ,  r e q u i r e  t h a t  t h e  f o r m u l a t i o n ,  management and eva lua-  
t i o n  o f  programs b e  p l a c e d  on a  s c i e n t i f i c  b a s i s .  
F i r s t  w e  must e x p l a i n  what t h e  p r o c e s s  o f  programming i s ,  and 
how t o  d e f i n e  a  program. There  a r e  many d e f i n i t i o n s  i n  t h e  l i t e r a -  
t u r e ,  and many p a p e r s  concerned w i t h  t h i s  "p rob lemat ique" .  I n  o u r  
o p i n i o n  a  progrmaming p r o c e s s  i s  a  p u b l i c  p r o c e s s  o f  choos ing  among 
p l a u s i b l e  a l t e r n a t i v e  f u t u r e s  and i n c o r p o r a t e s  t h e  f o l l o w i n g  f i v e  
p r o c e d u r a l  s t e p s  : 
-- c o n c e p t u a l i z a t i o n  o f  a l t e r n a t i v e  p l a u s i b l e  f u t u r e s ,  
-- p r e s e n t a t i o n  o f  p l a u s i b l e  f u t u r e s  t o  t h e  p u b l i c ,  
-- p u b l i c  d e b a t e  of  t h e  a l t e r n a t i v e  f u t u r e s ,  pathways t o  
a c h i e v e  them, and p o s s i b l e  long-range consequences ,  
-- p u b l i c  s e l e c t i o n  of  a  d e s i r a b l e  f u t u r e  and of  pathways 
t o  a c h i e v e  it ,  
-- a  mo n i t o r i n g  p r o c e s s  whereby t h e  movement toward o r  away 
from t h e  d e s i r e d  f u t u r e  c an  be  a s c e r t a i n e d  t h rough  p rope r  
ecosys temic  i n d i c a t o r s  w i t h  c o r r e c t i v e  s t e p s  t a k e n  i n  
t i m e  t o  a f f e c t  t h e  outcome. 
The c o n cep t i o n  and implementa t ion  o f  programming form an  i n t e -  
g r a l  and most i m p o r t an t  p a r t  o f  t h e  p r o c e s s  o f  consc iousnes s ,  
r a t i o n a l  and c r e a t i v e  a c t i o n  and f u t u r e  development.  T h i s  p r o c e s s  
may be conce ived  a s  u n f o l d i n g  i n  t h e  i n t e r a c t i o n  among f o u r  a c t i v i -  
t i e s  : ( 1 )  f u t u r e s  r e s e a r c h ,  ( 2 )  programming, ( 3 )  p l ann ing ,  ( 4  1 
a c t i o n .  A framework o f  t h i s  p r o c e s s  i s  p r e s e n t e d  i n  F i g u r e  1 .  
* T e c h n i c a l  U n i v e r s i t y  o f  Wroclaw, Poland 
F u t m s  research ead asseszzents 
i t a  v2llres 
chrt-term forecasts 
F i g u r e  1 
A p r o ~ ; r a g e  i o  an c d  of tho p r o p c c l n g  procooo~ For thc ptr- 
pooo of th io  papor n o  w i l l  uco thc f o l l m f n ~  C o o c ~ i p t i c n ~  
133 tho tor3 " L o ~ ~ - - r a n ~ o  ~ c I ~ - = c ~ o E ~ c ~  p r c c n n  o ohall d c ~ o C o  
en i n t cgmted  cc32lcr; of ur r lc r$okiqo  ra-rcgtccd by an adoqusto cz- 
g ~ d ~ o t i o n a l  capaci ty  C E ~  r c o o ~ ~ c c o ~  l c d l v  t o  tho achlorcccnt,  i n  
a  l o w - r a w o  p c ~ i c 5 ,  oP a dof in i to  c c n c r o b  go31 o r  a ccaplox of in-  
t e r re l a t ed  goalo. Cozl-oriontcd rrcCrecG~z Fcclcfloo o eon?. Gcrolcp- 
w n t  phaeo, y o t  L i t t l o  c o n c ~ c t o  irCorm$boz~ io crailablo on th in  
subject  i n  tho prop cud.^ l T i , t ~ r a t ~ ~ ~  E O ~ I Y  opinionp gczlo cca bo 
L 
viensd a s  having at locot  tno m j o r  f m c t i o ~ o  f o r  p r o p c n  rcaliza; 
t ionr  thoy can f c c i l i t a t e  tho oyi~tclr3 ovclcat ion and t ho  cyotcn 
control.  
A s  goale play such an inpor ten t  r o l e ,  we neod eons tochniqvco 
t o  f o r m l a t e  then. Ikparienco hag f i h m  that thoro a r e  bcnofi tc  of 
technology forecaa t ing  holping t o  gonorate and recognize 6031oo  
do not vent t o  t a l k  about tochniquoo nm. It nao Jantoch, nho, 
through h i e  OECD publ icat ions  gave the touchatone of otatuo t o  TP 
i n c l u d i n g  i t s  a p p l i c a t i o n  t o  goal  formulation. Fig. 2 shows the 
proceee of t$ansformation of forecaet ing information i n t o  programs 
and l e v e l s  of management. 
We s h a l l  d i s t ingu ieh  the following scopee of programs: 
- i n t e rna t iona l  cooperation programe, 
- governmental programs, 
- regional  p rogrsw,  
- corporation programs. 
.Set  of a l l  possible 
goals f o r  R+D 
S e t  of a l l  rea l  goals 
f o r  R+D 
The problema of formulation and r e e l i z a t i o n  of long-renge goal- 
oriented programs from the  first group have recen t ly  come i n t o  fo re  
i n  the  f l e l d  of i n t e r n a t i o n a l  s c i e n t i f i c  and technica l  cooparation 
a t  the  global  eca le  and within the  framenork of such organization8 
aa CMEA end EEZ, Formulation of theae programs i s  not a new phenom- 
enon i n  i n t e r n a t i o n a l  cooperation, I n  the  course of the  lest  f en  
years many attempta have been made t o  develop i n t e r n a t i o n a l  scien- 
t i f i c  research, They aimed a t  f u l l  u t i l i z a t i o n  of s c i e n t i f i c  and 
technological innovations,  t h e  in t roduct ion  and d i f f i e i o n  of which 
exceeded f i n a n c i a l  resources of a eingle  country. 
IIe MAT AFtE THE PROBIEl3 OP PQ.XlULA~OPJ A I D  REALIZATIOH OP FBOC!3.!US? 
I n  ordor t o  gothor oonarote oxporionco on the r o a l i a o t i o n  of 
R+D program, the  author msdo - tho - analyoia of tho f o l l m i ~  p r o g ~ c m t  
1. roal ieod a t  t h e  Technioal Ubivorofty of WrocZan D 6 ] ,  2. rca l izod  
a t  tho na t iona l  l e v e l ,  3. roal izod i n  tho fremonork of i n t o r o e t i o m 1  
cooperation 16 , 111 . 
h e  fol lorr ing problomo nero  s m l g s o d t  
- mothods of  goa l  f o r m l a t i o n  i n  programs, 
- nothoda of deconposit ion of g loba l  goalo i n t o  eubgoals,  
- ecope and wayo of u t i l i z a t i o n  of forecasting i n f o r m t i o n  t o  
goal  s o t t i n g  i n  p rogram,  
- i n t e r r e l a t i o m  botrreen goale ,  mothode and funde a l l o c a t e d  f o r  
t h e  goal  achievement, 
- research  e f f ec t ivenes s  eva lua t ion  methods, methode of  goa l  
assesoment from t h e  viewpoint of r e s u l t e  obtained; range and tech- 
niquee of goal  updating,  
- formal recommendations and r e a l  opera t ion  of programs, 
- i n t e r r e l a t i o n e  between t h e  goale of e c i e n t i f i c  development, 
na t iona l ,  and s u p r a n a t i o m l  goale ,  
- impact of dec ie ions  made bp management cen t ree  and performers 
on goal  achievement. 
In forna t ion  about r e o u l t ~  of t h e  ana lgo is  of t h e  f i r o t  group 
nas 'published i n  [16] . ~ 6 t  uo d i o c u o ~  sons p r o b l o u  that  occur at  
tho i a t o r n a t l o n a l  l o v e l ,  and i n  p a r t i c u l a r  - m j o r  d i f f i c u l t i e s  mot 
by i n t e r n a t i o n a l  i n s t i t u t i o n o ,  and poooible nayo of owmounting than, 
me onnlys i s  of na t iona l  roocarch program a l l w o  ' t o  mkb tho.  
fo l l on ing  s t a t e e m t o  t 
- nunbor of i n o f i t u t i o n s  d o a l i w  n i t h  root-ch program,  number 
of rooearch top ico  cnd of t ho  o t a f f  involvod i n  them i o  c o m t a n t l y  
on t h e  incroaoe;  
- exchange of informat ion betrreen p a r t i c i p a n t e  i n  t ho  r c a l i z a t l o n  
of na t iona l  p rogrem cannot be conoidored oo oa t io fac to rg  oinco i t  
i s  b o i w  dons m i n l y  i n  t h e  f o r u  of pnblicotiono i n  o c i o n t i f i c  pz- 
r i ~ d i c o l o ,  by pcroonal contacto  a t  conferoncoo and ompooia ,  ch ich  
r e a u l t o  i n  considcrablo 001tg0 of t h e  d i C f ~ o i o n  of i n f o r m t i o n ,  Thio 
gap i o  nidcned i n  ccoo of c n l e r g c m n t  of tho ocopo of rcoccrch con- 
ductcd, T'c o v e r  I n c z o a o i w  n w b o ~  of o c i c n t i r i c  pub l i ca t io ro  CCE- 
p1Icatco thc ocerch Po,- i n f o r m t i o n  oocdcd erd ccuooo emcccocar; 
o v c r l a p p i w  of o c i o c ~ i f i c  r c o t ~ l t o ~  53c attcnpto t o  o r ~ a n i s o  i n t c r -  
m t i o o ~ ! ,  da t a  ba&o hovo not  bcon o u c c c ~ o ~ l  oo far; 
- norlzo dea l ing  with o i n i l a r  rcocarch prob lem condnctod i n  ra- 
r i cuo  countr ioo ero d i f f i c u l t  t o  ccnpcrc oinco thoro are  no c o u o n  
eva lua t ion  c r i t e r i a  of o c i e n t i f i c  a c h i o ~ o n c n ~ ,  
Generally, tno  m j o r  typeo of i n t o r m t i o m l  cooporation can be 
d i s t i g , a  shed t 
- organization of comon reoearch undertakings / laborator ieo,  
experimonto, s c i e n t i f i c  e t a f f ,  e t c / ;  
- foundation of comon reoearch coordination cent res  / i n f o r m t i o n  
exchange, exchange of scientific o t a f f ,  e t c  ,/, 
The l a t t e r  form, i , e .  i n t e rna t iona l  coordination centroo have 
boon developing very rap id ly  i n  rocont yeare. They a r e  a m t i - l a t e r -  
a 1   for^ of o c i e n t i f i c  a d  technological  cooporation enabling multi- 
p l i ca t ion  of bcnef i te  obtained, ao conparod with b i - l a t e ra l  coopora- 
tion. On the b a s i s  of mutual agroononto botf~ocn the  per t ieo  interco- 
t ed ,  coordination centros  perform a funct ion of c o o r d i ~ t o r o  i n  the 
procoaa of development and r e a l i z a t i o n  of cooperation program i n  ' 
spedfic d i sc ip l inee  oelected by thooe part ieo.  
Let ua consider now main probleme of formulation and management 
of programs: 
1. Goals a re  indigenous t o  many programa but t h e i r  funct ion and 
s t ruc tu re  is  of ten  not e x p l i c i t ,  
2. Any R+D program has uncer ta in  outcomee i n  terms of the  degree 
of success i n  meeting program object ives ,  time and &oat overruns, 
3. Usually the  program contains some program areaa. Each area 
containe many subprogram areas. The number of subprograme i a  l i k e l y  
t o  be i n  the hundrede, ' 
4. Usually i t  i s  d i f f i c u l t  t o  evaluate the s o c i a l  value of the '  
R+D and long range impact on the  society ,  
5. Real izat ion of R+D programs i s  highly complex. I n  addi t ion  
there  a r e  a t  l e a s t  two groups of people involved i n  decieion-making 
reeearches and managers whose  requirement^' and standpoints a r e  d i f -  
fe ren t  but whose need8 muat be met if the  object ive of the  program k~ 
t o  be achieved, 
6. A hard look a t  the  l i t e r a t u r e  shows t h a t  the re  is  no adequate 
methodology f o r  compreheneive evaluation including technology assess- 
ment f o r  long-range programs7 
f 
7. Usually program is  r ea l i zed  i n  cooperation w i t h  maw i n s t i t a -  
t ione ,  on loca l ,  nat ional  and in te rna t iona l  l e v e l s ,  so  problems of 
coordination and conmunicetion occur,. 
8. Factors making common research d i f f i c u l t  are: 
- d i f f e r e n t  development l e v c l s  of r cnea rch  e c t i v i t y ,  
- d i f f e r e n c e s  i n  t h e  s o c i a l  systemo, 
- i n e f f e c t i v e  in fo rmat ion  exchange, 
1 11. \WY I S  TZCHNOLOGY ASSESSKE37T NEEDED? 
Some y e a r s  ago, t h e  r a p i d  e r o n t h  of e c i e n t i f i c  advances end 
t e c h n o l o g i c a l  innova t ions  nae  vicncd by many peoplo n t h e  p r o m i ~ e  
of t h e  good l i f e ,  Todey, whi le  oc icnce  and t cchro logy  i s  a t i l l  1-30 
cosnized a s  t h e  foundz t ion  of o o c i e t a l  advance, t h e r e  i s  a rising 
~ n d  vocal  concern about  t h e  u n a n t i c i p a t e d  e o c i a l  c o s t s  of  v a r i o w  
techno log ica l  achievemente, There i s  i n c r e a s i n g  p u b l i c  r a c o g n i t i o n  
t h a t  s o c i e t a l  problems a r e  becoming more complex and t h a t  t h e  a c c e l -  
l e r a t i n g  r a t e  of s o c i a l  change i s  c r e a t i n g  shock i n  t h e  c u l t u r e ,  v a l -  
2 
ues and norms, h e r e  is  a l s o  inc reaoed  r ~ c o g n i f i o n  t h a t  some tech-  
no log ies  have impor tant  ncv b e n e f i t  t o  o e l e c t e d  s e c t o r s  of  
t h e  e o c i e t y ,  but t h a t  t h e s e  b e n e f i t s  have been c o s t l y  t o  t h e  o t h e r s ,  
Of course  problems r e l a t e d  t o  changes i n  technology a r e  by no'meana 
i d e n t i c a l  f o r  a l l  c o ~ ~ n t r i e a ,  Vhet i o  a problem no17 f o r  some c o u n t r i e s  
m y  be perceived aa  a d e s i r a b l e y g o a l  f o r  gone o t h e r  c011.n t r i .e~~ For 
example, some c o u n t r i e s  a r e  s u f f e r i n g  from t h c  n c ~ ~ c c e s s t l  of t h e i ~  
I n d u s t r i a l i z a t i o n  and reaource  d e p l e t i o n ,  v h i l e  o t h e r  c o u n t r i e s  a r e  
d r i v i n g  f o r  i n d u s t r i a l i z a t i o n ,  having  acceptod t h o  f a c t  t h a t  induaz-- 
r i a l i z a t i o n  meana t h e i r  c o u n t r i c o  w i l l  be p o l l u t e d ,  
Inc reased  p u b l i c  anarenesa o f  t h e  a c c e l e r c t i n g  r a t e  of o o c i a l  
change and r o l e  of t e c h n o l o g i c a l  change i n  g e n e r a t i n g  11-nwanted so- 
c i e t a l  s i d e  e f f e c t  h a s  provoked n ideoprcad  densod f o r  imp~ovcd  mccK- 
anisme t o  f o r e c a ~ t ,  rnsnsgc and c o n t r o l  ncn t e c h n o l o g i c a l  i n i t i a t i v e s ,  
Technology f o r e c a s t i n g  end technolcgy eaaeasnent  a r c  most p r o n i a i x  
approaches t o  respond t o  t h i s  O e ~ s n d ,  
The d e f i n i t i o n  which hao achieved t h e  wides t  acceptance  i a  
t h a t  TA i e  a  c l a s s  of  p o l i c y  s t ~ d i e o  n h i c h  oye temat ica l ly  examines 
t h e  e f f e c t s  on s o c i e t y  t h a t  may occur  when a technology i a  i n t r o -  
duced, extended, o r  modified w i t h  s p e c i a l  enpheois  on t h o s e  conse- 
quencee t h a t  a r e  unin tended,  i n d i r e c t ,  o r  delayed, .  
Technology assessment  i~ a  r e l a t i v e l y  new concept which o f f e r s  
o p p o r t u n i t i e s  f o r  improved decision-making, It h a s  nmadays  nany 
advocates  and a l s o  o b s t a c l e s  f o r  i ~ t s  i m p l e m e n t a t ~ r s ~  
It enables  deciaion-making t o  c o n s i d e r  : :~s tems t i ca l ly  t h e  known 
o p t i o n s  and t o  a r f i v e  a t  consc ious  s o c i a l c ~ i x i c e  about  f u t u r e  tech- 
no log ica l  developments - t o  encourage them, t o  d iscourage  them, 
t o  modify them, t o  propare the i n s t i t u t i o n a l  infraetructiwe fo r  them, 
or t o  block them nhen appropriate. 
Perhap8 the principal reason t h a t  TA i s  confuoed with other 
technology studies /e,g. alternative tcchnologios, evaluation of 
research, acience indicator81 i s  tha t  'Pns a r e  not cha'ractori,zod by 
a unique methodology.. It i s  ra ther ,  a.:'ee~Lo$-:analyt_ic toolo and tech- 
niques /e.g, .cross-impact analyeis,.dgnemic modelling, f ac to r  ana- 
lye i s ,  relevence t r ee ,  scencrioa, Delphi/ derived f ron different 
fieldo. 
I n  practice the specified method oelectad fo r  cn naooscrmnt i s  
determined by the charac te r i s t i c  and expocted applicat ions of the 
specif ic  object t o  be aooosocd. Thue we n i l 1  roceivc r technologp 
oriented, problem-oriented, program-oriented, hardncko-oriented, 
softvare-oriented- orgrare-oriented Technology aseeoomonts. 
From the viewpoint of Technology Msnagement a s t e n  /TI? , ~ o b r o v b 3 /  
program can be analyzed ae a .metem consisting of a so t  of technical 
means - hardware, methods and proceduree t o  uae thosa means effect- 
ive ly  - software, and a special  organization - orgvrareo 
Technology Asoeaenont I' - --- 
. * .  
5on.g-range Program 
I n  practice, program-hardware-softnare-orgware-oriented TA can 
be realized i n  folloning eteps: 
- def in i t ion  of the program, 
- iden t i f i ca t ion  of hardware, software and orgware a s  par t ies  of 
interegt  , 
- examination of impact m d consequences, - 
- a n a l y s i ~  of policy optiono, 
To be effect ive,  TA should be included t o  a d i f fe ren t  scope of 
program, e .g. ae internat ional  agreements f o r  in ternat ional  pro- 
grams, t o  &ate policy as  fo r  governmental programs, t o  regional 
policy fo r  regional programs, and t o  corporate planning f o r  corpor- 
a t e  programs. 
I f  a long-range TA program i s  done too soon, necessary informa- 
t ion  may not be available and r e s u l t s  may be taken gospel, thus 
e:opping program development of t h e  problem conooocd, I f  T b  i s  donc 
'coo l a t e ,  t h e  o p p o r t u n i t i e s  f o r  pub l i c  po l i cy  i n t e r v e n t i o n  may be 
l i m i t e d .  I f  poss ib le ,  P r o j e c t  TA should be performed p r i o r  t o  pro- 
gilam. 
New technology g e n e r a t i o n  
/Scenarioe/  
1 h 
Chosen new technology 
Technology Aooesomcnt 
of a'new technology 
I P u b l i c a t i o n  wi th  b e n e f i t  I 
a n d c o n o e u c n c e s  1 I L +  
P o l i c y  a d v i s e r s  
I a nen technology I 
3'ig.L#. A diagram i l l u s t r a t i n g  a c t i v i t i e s  and t h e i r  eequence r e l a -  
t i o n s h i p ,  and c o n t r o l  loope i n  t h e  t o t a l  process  of  TA 
Cur ren t ly ,  computer c o n f e r e n c i q  i a  be ing  used a s  a t o o l  f o r  TA 
Computer communication i s  a new conmunications technology which w i l l  
a f f e c t  t h e  e f f i c i e n c y  and q u a l i t y  o f  decieioi+nsking proccas of TA 
ri-ithin e x i e t i n g  groupo and i n s t i t u t i o n s .  The uniqueneoa of t h i a  form 
of communications end t h e  convcnicnce o f f e r e d  eusgcat  t h a t  i t  w i l l  
u l t i m a t e l y  have s i g n i f i c a n t  i n p a c t s  on TA development. 
IV. WHY I S  SYSTEXS A1:ALYSIS NEEDED? 
Usual ly program c o n t a i n s  msny subprogram a r e a e  vh ich  complement 
and supplement each o t h e r  and must be coordina ted  t o  mzximize t h e  
expected degree of s u c c e s s  i n  a c h i c v i w  t h e  o v c r a l l  progrem o b j e c t i -  
ves  w i t h i n  g iven  time and budget constrai 'n ts .  Lloreover, program muat 
be viened a s  but one t i e r  of a l a r g e r  s t r u c t u r e  of o v e r a l l  n a t i o n a l  
system. Thus t h e  proRrarn i s  a s~tbsystern i n  a l a r g e r  system, and tha  
program i t e e l f  contains many aubsystems, 
The so lu t ion  of complex,probleme connected with the f i e l d  of '  
formulation and management of reeearch an3 development program re- 
quires  a complex approach. Such an approach can be worked out with 
the he lp  1-J* systems ana lys iao  
The Forecasting Research cent re '  a t  the  Technical University of 
Wrocaaw conducts s t u d i e s  based on the  systeme approach and aiming 
a t  the  developmnt of methodology of program formulation. Some of 
the  r e s u l t s  obtained can be applied a l s o  t o  cooperation programo. 
Since w e  use the  eyetkms approach, we s h a l l  s t a r t  by introducing 
some concepta inherent  t o  the syr~tema theory. 
The syatems a n a l y s i s  approach t o  the  study of a problem or  a 
s i t u a t i o n  involves considerat ion of msny i n t e r r e l a t e d  fca turee  of the 
problems simultaneously r a t h e r  than the  study of each f a c e t  i n  isql- 
ation.  
Thia ap?roach embraces i n  par t icu lar :  formulation of the  global  
and loca l  gc;.jls, exact analyeia  of the  otructurco of rcecarch ob- 
jec ta ,  def i r .  l t i o n  of f a c t o r s  determining tho condit ions of prograal 
rea l iza t ion .  
A general  procedure of t he  probam development inc lud ing  the  
eyetern techniques i s  shown i n  a diagram belon, 
1 
1. I d e n t i f i c a t i o n  of g loba l  /world/ ocience and tech: 
nology development objectives I j 
2. Formulation of a l t e r n a t i v e s  of reoearch goals ! 
, ! 
. 3. Const ruct ion of goal t r e e  
4. S e t t i n g  of goal  p r i o r i t i e o  I 
5 .  Acceptance of s p e c i f i c  research  ob jec t ives  i I 
1  . Crea t ion  of an  organ iza t iona l  s t r u c t u r e  f o r  pre- 
pa ra t ion  of a p ro jec t  
2. Development of program a l t e r n a t i v e s  
3. S e l e c t i o n  of i n t e r n a t i o n a l  cooperat ion programs I 
I I 1. Coordinat ion of programs and na t iona l  plans I 
2. Inc lus ion  of program elemznto i n  na t iona l  plans 
PUB&- -- - 1 
I 1. Crea t ion  of cen t ree  c o n t r o l l i n g  t h e  program I 
REALIZATION I r e a l i z a t i o n  I 
2. Control of program r e a l i z a t i o n  1 . . 
Diagran a--- _1 
Since the  range of i n f o r m t i o n  i s  very wide, cons t ruc t ion  of 
a program information system csn be u s e f u l  here. Each of program - 
executors  should bavo access  t o  t h e  ayatem, and should sya tcmat ica l ly  
t ransmit  irlformation about h i s  r e s u l t a ;  he should a l s o  have access  t o  
in for ma ti or^ about scientific r e s u l t s  of a l l  o ther  c o n t r i b u t o r s  t o  
t h e  system. The au thor  *a r i g h t s  ohould be warranted i n  the  procesa 
of information d i f fue ion .  The information cen t re  should employ i t s  
own exper t s  on methodology, which should enable t he  dcvclopnent of 
most d e e i r s b l e  l i n e s  of research.  
Formulation of complex programs r equ i r ee  t he  posseeoion of 
complete information about t h e  mechanism of t h e  e y s t e m * ~  con t ro l  and 
about p r inc ip l e s  of a c t i o n  t o  be adapted by the  t o p  menagencnt of 
the  progra:n. I n  p r a c t i c e ,  'both these  condi t ions  a r e  r a r e l y  s a t i s f i e d .  
It i s  not always poss ib le  t o  bu i ld  the  graph of t h e  program. never- 
t h e l e s s ,  one shou1.d always t r y  t o  d e l i m i t  those  program blocka where 
f u l l  information i s  a v a i l a b l e e  Real iza t ion of Ithe program can be 
s t a r t e d  by t h i e  divis ion.  It i s  e s s e n t i a l ,  hovever, t h a t  these  sub- 
programs f a c i l i t a t e  the achievcm~nt  of the  eupcrior goal  of the  
 hole program. I n  t h a t  case we have t o  do with evaluat ion goal-pro- 
!:ram methods of control .  They can be ca l ied  so i f  the  -ult imate !goal 
i s  defined -only i n  h e u r i s t i c  way, and i a  being successively deter--  
mined i n  the  courae of program rea l i za t ion .  
The main task,  therefore ,  i o  t o  def ine where and t o  what extent  
reaearch should be developed i n  ordcr t o  a o m c  the achievcmznt ce: 
the global goal. The first s t e p  nould be t o  determine the  deoircd 
s t a t e  of rese:x~ich i n  a  given d i s c i p l i n e  wi th in  opocif ic  ti.no i n t e r -  
val. PATTERN methods a r e  helpfbl-  i n  the  cons t rus t ion  o r  a goal  t ree .  
The second s t e p  i s  t o  determine a s e t  o f i n d i v i d u a l  ac t ions  /nee 
DiagramLl. It follo17s from the  diagram t h a t  i n  formulation of a l o x  
range program3 e s s e n t i a l  r o l e  i s  played by computation techniques. 
4 
Making a  l i s t  of t o p i c s  i n  
/- coordination pro.q::arn -. 
d 
[=tion of i n t e r r e l a t i o n o  
i )  
-- r Optimal d iv i s ion  of topico 
L i n t o  groups of pr.,blems 
1 Determination of x i o r i t g  iosues 
.- PI + r Evaluation of grollps of problems I b y e x p e r t s / g o a l s  funds etc./ 1 
P 
-- 'F-- - I 
-I ~ssesemcnt  of c o s t s  of program kl 
1 r e a l i z a t i o n  I 
1$ 
i I Select  on of program alternatives 
i by in te rna t iona l  
b -- ----. 
-a pro jec t  of program r e Z I ,  
1 r e a l i z a t i o n  dI 
4 
Program r e a l i z a t i o n  and 1 
publidation o$ r e s u l t s  
1 I 
Diagram 2 
me p r ~ ; t i c a l  experience and t h e  above discuocion prove m a t  
almost every p r a c t i c a l  conaldera t ion of R+D prograu fo rnu la t i on ,  r e -  
a l i z a t i o n  a r i  eva lua t ion  can bc i l lumina ted  by oone c x i o t i x  oyoten 
concept8 anL techniqueo. Sonc of ouch tcchniquoo have been developed 
and improve6 i n  FRG. Ne prosent main of thcm bclon. / b : v 3 1  
liothod _I u t i l i z a t i o n  
a l g o r i  t ' l m  
, 
Sceneri 3 I Inprovctxnt  of t h e  goa l  
genera t ion  I s o l c c t i o n  proccoo 
- -  
PATTEilIl and 
the  l i k e  
-- 
B p ~ r t u  
Evaluat ion of v c r i a n t o  of 
t he  p r o g r a n O ~  goolo 
- - 
Bovolation of the  cxporto  ' 
opinions 
I 
Applicat ion 
A t  thc o t c p  of 
Def in i t i on  of goalo 
Forccaato 
Solcc$ion of projcc 
Eralvatica o r  goal 
4 
Choicc oP pcrfornoro I 
1 
ach iovcmnt  I I 
-- - 
Dctormination of optimal 
so lu t ions  n i t h  mny 
var iab le0  
. - 
Dotcrninet ion of n ininun 
- 
Sc lcc t ion  of 
Choicc o r  pcrformcro, 
t i ~ c  er3. coot  of ho eoocoocdl 
------ - - 
I 
Inprovcment of me tc r i a l  e.nC Program n i t h  defi-1 
i 
I I r c s o u r c e ~  I mnponor rcoource alloca=./ ncd r eo l io .  nctnel-I 1 
P1enni::g of I Opeimization of r c q n i r i ~  
exper inents  t e t i o n  procedurco 
Optimization Optimal docisioh-=king Pragraocl t h a t  can be! 
I 
c v a l ~ ? c t o d  q u ~ n t i e q  
- -  1,- I 
I n  the  author  'e s tandpoint  of long-range R+D 
programing,  t h e r e  i e  a g r e a t e r  need of devoting our e f f o r t s  t o  t he  
i n t e g r a t i o n  of e x i s t i n g  eystcm techniques than  t o  f u r t h e r  inves t iga-  
t i o n  of p a r t i c u l a r  tcchniqucs. 
This procees can be r ea l i zed  with the  h e l p ' o f  computer confe- 
rencing, among o the r  methods. Computer conferencing d i f f e r s  much 
from other  ava i l ab le  co-nication forms such a s  f a c e - t q a c e  conver- 
sa t ion ,  l e t t e r s ,  and telephone, t h a t  i t  may ba termed a new. commu- 
n ica t ion  media 1121 
~ o r n ~ u t e r i z e d  conf erencing most simply involves a group of 
people t o  comunicating by typing i n t o , a n d  reading from computer t e r -  
minals, r a the r  than by speaking and l ie tening.  Such conferences may 
be asynchronous, t h i s  meaning t h a t  the  pa r t i c ipan t s  a r e  ac tua l ly  on 
the  eystem part icipating;  i n  the discussion of timee . of t h e i r  onn 
choosing, with the  computer supplying each par t ic ipant  w i t h  every- 
th ing  new t h a t  hae occurred each time he or she singe on. Thurr such 
conferencee may s t r e t c h  over days, veeks o r  even monthe. 
One of the  major research e f f o r t e  i n  the  computer conferencibg 
ie a l a rge  sca le  f i e l d  experiment, This involves the  development of 
opera t i  one1 computer conferencing syatcn f o r  i n v i s i b l e  collegoa 
of s c i e n t i f i c  who a r e  curkently doing reoenrch i n  tho game opecial  
area, 
It is a multi-goal system. The most important of these goals 
area goal of s c i e n t i f i c  development, goal of development of research 
programs, and the  goal  of development of s p e c i f i c  s c i e n t i f i c  teama 
. Since those goals  a r e  not n e c e s s a r i u  concornmittant, a prob- 
lem of t h e i r  harmonization and coordination a r i a e s  i n  order t o  enabh 
e f fec t ive  operation of the  whole eyatem. O p t i m a l  performance of the  
aretem can be achieved, therefore ,  only by mean8 of goal  coordina- 
t i o n  [3]a 
A general  ~cheme of computer confcrencing is proeented i n  F i g s  
Conference &Tanager /kgenizelg/J +
R+D Team R+D Tern R+D Team 
o r  ind iv id  o r  ind,  o r  ind,  
Teletype Toletype Teletype 
Fig* 
The author  viena i n  computer con fe renc iw  two poseible  r o l e e  
i n  group decision-making, The e i n p l e r  r o l e  i s  t h a t  of opinion mana- 
ger  i n  t h e  sense of keeping t r ack  of a l l  i nd iv idua l  end/or group 
decie ions  and, perhaps, of reminding t h e  p a r t i c i p a n t s  i n  thofie deci- 
s iona i f  they make contradic tory  statements l a t e r  i n  t he  discuss ion,  
On e more soph i s t i ca t ed  l e v e l ,  t he  computor could serve  a s  ti quest  
expert  which could include a s a e s a i ~ '  of d a t a  bases, making predMions,  
and const ruct ion of s imulat ion models, There a r e  a l s o  sono drenbacks 
i n  us ing a computer, but i t  should-not  annoy t h e  p a r t i c i p a n t s  i n  a 
long-range program, s ince  p r a c t i c a l l y  each recomendat ion of t he  
computer i s  cont ro l led  by t h e  exper t s  i n  a given d i e c i p l i n e  and i n  
t he  ayetems analys is .  A cloezcoopcrat ion of man-machine type,  rea-  
l i z e d  i n  t h e  framework of a  long-range program development c r e a t e s  
the  p o s s i b i l i t y  of feed-back f o r  reinforcement and v a r r a n t s  t he  
success fu l  r e a l i z a t i o n  of the  program. 
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MATCHING TECHNOLOGICAL OPPORTUNITIES AND MARKET NEEDS 
Derrick F. Ball*, Denise Miller*, Alan W. Pearson 
I n t r o d u c t i o n  The l i t e r a t u r e  both  academic and p o p u l a r  c o n t a i n s  many p a p e r s  
a l l  of whicli have a r g u e d ,  t h a t  a t  v a r i o u s  t imes  new t e c h n o l o g i e s  were going t o  
make major  p e n e t r a t i o n s ,  o f t e n  on t h e  b a s i s  t h a t  t h e y  had c h a r a c t e r i s t i c s  which 
would s a t i s f y  impor tan t  market  needs  - both  on t h e  grounds  of  p r o v i d i n g  p e r s o n a l  
s a t i s f a c t i o n  and a l s o  b y  f i l l i n g  gaps which could  n o t  be met a d e q u a t e l y  by 
e x i s t i n g  t e c h n o l o g i e s .  Impor tan t  examples i n c l u d e  s y n t h e t i c  tobacco  ( I ) ,  
a c c e l e r a t e d  f r e e z e  d r y i n g  f o r  food p r o d u c t s  ( 2 1 ,  poromer ics  and s y n t h e t i c  
l e a t h e r s  ( 3 ) ,  and h i g h  f r u c t o s e  s y r u p s  ( 4 ) .  I n  a l l  t h e s e  s i t u a t i o n s  t h e  l a r g e  
market  p e n e t r a t i o n  f o r e c a s t e d  h a s  n o t  o c c u r r e d ,  y e t  i n  many c a s e s  p e o p l e  a r e  
s t i l l  s a y i n g  t h a t  t h e  market  o r  need s t i l l  e x i s t s .  The r e a s o n s  f o r  t h i s  d i f f e r e n c e  
between a c t u a l i t y  and e x p e c t a t i o n s  a r e  n o t  always e a s y  t o  i d e n t i f y  b u t  some 
g e n e r a l  f e a t u r e s  do seem t o  be  common. Examples of t h e s e  a r e :  t h e  new techno logy  
i s  n o t  good enough, t h e  c o s t s  a r e  t o o  h i g h ,  t h e  m a r k e t i n g  is  i n a d e q u a t e ,  and 
t h e  o l d  technology improves. I n  most c a s e s  l a r g e  amounts of  t ime ,  e f f o r t  and 
money have  heen  s p e n t ,  b i g  companies have been i n v o l v e d  and t h e s e  companies 
have  been f o r c e d  t o  wi thdraw from t h e  a r e a  th rough  l a c k  of s u c c e s s .  T h i s  
s u g g e s t s  t h a t  some a p p a r e n t l y  obvious  market  needs  a r e  n o t  e a s i l y  met by 
t e c h n o l o g i c a l  i n n o v a t i o n .  T h i s  i s  w e l l  i l l u s t r a t e d  by t h e  c a s e  s t u d y  p r e s e n t e d  
i n  t h i s  paper  which c l e a r l y  shows how changes c a n  o c c u r  o v e r  t i m e  which i n f l u e n c e  
t h e  s u c c e s s  o r  f a i l u r e  of a  p a r t i c u l a r  t e c h n o l o g i c a l  approach.  I t  a l s o  i n d i c a t e s  
t h a t  i t  i s  u s e f u l  t o  pay p a r t i c u l a r  a t t e n t i o n  t o  market  segmenta t ion  a t  t h e  
o u t s e t  of any s i g n i f i c a n t  new t e c h n o l o g i c a l  v e n t u r e .  
* University of Salford and RED Research Unit, Manchester Business 
School, UK 
I n  t h i s  paper  t h e  case  2f s i n g l e  c e l l ,  p r o t e i n  (SCP) i s  cons idered  and t h e  
e x t e n t  t o  which t h e  technology matches t h e  needs i s  examined. P a r t i c u l a r  a s p e c t s ,  
d i s c u s s e d  i nc lude  t h e  p roce s s  technology,  t h e  energy requ i rements  and c e r t a i n  
s o c i a l  and p o l i t i c a l  a s p e c t s  r e l a t i n g  t o  accep tance  of s i n g l e  c e l l  p ~ o t e i n .  
The world food s h o r t a g e  has been w i th  us f o r  many y e a r s  and one of i t s  most 
s e r i o u s  components i s  p r o t e i n  d e f i c i e n c y .  P r o t e i n s  c o n s i s t  of a  s p e c i a l  corn-. 
b i n a t i o n  oE amino a c i d s  - t h e  b u i l d i n g  b locks  of l i f e .  These can be  der ived  i n  
t h e  d i e t ,  e i t h e r  from animals a s  i n  more a f f l u e n t  s o c i e t i e s  o r  from vege t ab l e s  
a s  i n  poorer  c o u n t r i e s .  
I n  1959 a  d i v i s i o n  of t h e  B r i t i s h  Petroleum (BP) i n  France found t h e  means 
by which y e a s t s  could be grown on o i l  by-products i n  a  commercial p roce s s  and 
t h e n  h a r v e s t ed  f o r  t h e i r  p r o t e i n .  The i d e a  was no t  e n t i r e l y  new as it had been 
t r i e d  as an animal f e e d  supplement i n  Germany i n  t h e  1914-18 war and by o t h e r  
c o u n t r i e s  i nc lud ing  t h e  USSR dur ing  t h e  1939-45 war.  However n e i t h e r  t h e  
technology no r  t h e  product  v e r e  s a t i s f a c t o r y  and i t  was no t  u n t i l  t h e  break- 
through by BP t h a t  SC? became p o s s i b l e .  s i n c e  t hen  t h e r e  ha s  been an e v e r  
i n c r e a s i n g  i n t e r e s t  world-wide. 
Process  Technology S i n g l e  c e l l  p r o t e i n  can be  h a r v e s t e d  from f o u r  t ypes  
of organisms i . e  . a l g a e ,  b a c t e r i a ,  . f u n g i  and y e a s t s .  S p e c i f i c  s t r a i n s  have t h e  
p r o p e r t y  of being a b l e  t o  u t i l i s e  unused carbon compounds a s  food sou rce s  
rang ing  from a g r i c u l t u r a l  waste  t o  sewage, o i l  e t c .  Not on ly  can t h i s  be  used 
t o  g i v e  added va lue  t o  unwanted by-products bu t  t h e  p r o c e s s  h a s  t h e  advantage 
of a  very high mass doubl ing time under  optimum c o n d i t i o n s ,  i s  independent  of 
sun ,  weather ,  s o i l  and wate r  and t h e  f i n a l  p roduc t  d i f f e r s  from normal crops  
i n  t h a t  i t  i s  of cons t an t  q u a l i t y  and t h e  volume of p roduc t i on  can he c a r e f u l l y  
c o n t r o l l e d .  
The e s s e n t i a l  f e a t u r e s  of p roce s s  technology a r e  t h e  de s ign  of an e f f i c i e n t  
r e a c t o r ,  t he  de t e rmina t i on  and c o n t r o l  of optimum o p e r a t i n g  t empe ra tu r e s  and 
p r e s s u r e s ,  t h e  s e p a r a t i o n  of t h e  p roduc t s  of r e a c t i o n ,  t h e  economical u se  of 
energy ,  t he  avoidance of haza rd  and t he  a p p r o p r i a t e  cho ice  of c o n s t r u c t i o n  
m a t e r i a l s .  However b i o c h e n i c a l  r e a c t o r s  d i f f e r  from t r a d i t i o n a l  chemical r e a c t o r s  
i n  a number of ways. These i nc lude  t h e  complexi ty  of t h e  r e a c t i o n  mix tu r e ,  t h e  
i n c r e a s e  i n  t h e  mass of t h e  micro-organ isms , - the  a b i l i t y  of t h e  micro-organisms 
t o  s y n t h e s i s e  t h e i r  o r n  c a t a l v s t s ,  t h e  mild  c o n d i t i o n s  of t empe ra tu r e  and pH, 
d i f f i c u l t i e s  i n  maintL3ining s t a b i l l  t y ,  r e s t r i c t i o n  t o  aqueous phase ,  and low 
c o n c e n t r a t i ons  of both s u b s t r a t e  and p roduc t s .  
Large s c a l e  p roduc t ion  of SCP i s  a  r e l a t i v e l y  new technology.  The main 
f e a t u r e s  a r e  sho1.n i n  F igure  1. I n  p r o t e i n  f e rmen ta t i on  p roce s se s  t h e  e s s e n t i a l  
e lements  f o r  t h e  growth of micrc-organisms i n c l u d e  ca rbon ,  hydrogen,  oxygen, 
n i t  rogsn , phosphorus ,  m a p - s  L U X ,  > s t  assium and s u l p h u r  p l u s  c e r t a i n  t r a c e  
klements.  These a r e  p r o v i d e 2  i n  t h e  f e r n e n t o r  where i t  i s  e s s e n t i a l  t o  supp ly  
s u f f i c i e n t  oxygen f o r  ti-.e organism t o  grow and f rcm which t h e  carbon d i o x i d e  
xiust be s x y l l e d .  
A i r  A m o n i a  Feedstock Water Minera l s  
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On a l a b o r a t o r y  s c a l e  i t  i s  r e l a t i v e l y  s imple  t o  s u p p l y  t h e  micro-organisms 
r.iith t h e  necessar:; n u t r i e n t s  i n c l u d i n g  t h e  oxygen,  and t o  remove t h e  carbon 
dioxi  de produced.  However en  a l a r g e  s c a l e  c o n s i d e r a b l e  d i f f i c u l t i e s  a r e  
encoun te red .  As ~>xygen  i s  o n l y  s p a r i n g l y  s o l u b l e  i n  an aqueous medium a method 
of r e p l e n i s h i n g  t h e  ox..lgen supp ly  n u s t  b e  dev i sed .  The s o l u b i l i t y  of oxygen i n  
an aqueous s o l u t i o n  i s ,  i n  f a c t ,  s o  l o r 4  t h a t  i f  t h e  oxygen supp lv  i s  c u t  o f f  t h e  
d i s s o l v e d  osygen l rouid  be exl-lausted c:ithin a few seconds .  Accord ing ly  f o r  
a e r o b i c  r e 1  1 growth t h e  f2rmentor.  i s  usual1.y des igned  t o  maximise t h e  r a t e  a t  
\;hich oxygcn i s  t r a n s f e r r e d  i n t o  s o l u t i o n  and t o  t r y  t o  minimise  t h e  power 
.- ~ q u i r e r n e n t  -, f o r  achie1:ing  is. 
The e 2 r l  i c s  t  l a r g e  sc ; i le  Ecmer?tors c 3 n s i s t e d  of l a r g e  c y l i n d r i c a l  t a n k s  
wi th  a i r  i n t r o d u c e d  a t  t n e  b a s e .  T h i s  d e s i g n  vas  soon modi f i ed  b y  t h e  u s e  of 
Lmpellers t o  incrt;3se t h e  r:j.te of ml::ing and t o  d i s p e r s e  t h e  gas  phase .  When 
a i r  i s  sparged (blown) i n t o  the base of an a e r a t i o n  tower a t  low gas v e l o c i t i e s  
t he  bubbles r i s e  f r e e l y  a t  t h e i r  t e rmina l  r i s e  v e l o c i t i e s .  The v e l o c i t y  of t h e  
gas phase wi th  respec t  t o  t he  fermentor wa l l  i s  then  simply t h e  bubble r i s e  
ve loc i ty .  Upon inc reas ing  the a i r  flow r a t e  t h e  v e l o c i t y  of t h e  gas phase 
remains the same and t h e  void f r a c t i o n  increases  l i n e a r l y  wi th  the  a i r  flow r a t e .  
I n i t i a l l y ,  t he re fo re ,  t he  oxygen t r a n s f e r  c o e f f i c i e n t  i s  a  d i r e c t  func t ion  of 
t h e  a i r  flow r a t e .  Once t h e  void f r a c t i o n  reaches about 0 .1 t he  spacing of t h e  
bubbles becomes c lose  enough t o  b r ing  about an upward flow of the l i q u i d  a s  the  
bubbles ascend the  column. This  i s  because bubbles ascending the  column tend 
t o  push the  l i q u i d  i n  an upward d i r e c t i o n .  Since there  i s  no n e t t  flow of the 
l i q u i d  phase through the  column a  r e c i r c u l a t i n g  l i q u i d  flow p a t t e r n  r e s u l t s  with 
the  maximum upward v e l o c i t y  a t  t he  cen t r e  of i h e  column and the  maximum downward 
v e l o c i t y  nea r  the  w a l l .  This  tends t o  concent ra te  t he  gas phase moving upwards 
a t  t he  cen t r e  of the  column where coalescence of t he  gas bubbles i s  induced. 
Furthermore the  r e c i r c u l a t i n g  l i q u i d  flow p a t t e r n  causes t h e  gas phase t o  ascend 
the  column more r ap id ly .  The n e t t  r e s u l t  i s  a  t a i l i n g  o f f  of oxygen t r a n s f e r  
c o e f f i c i e n t  a t  void f r a c t i o n s  g r e a t e r  than 0.1.  A t  h igh  void f r a c t i o n s  
coalescence i n  t he  gas phase leads  t o  the  formation of l a r g e  bubbles .  The outcome 
i s  t h a t  high gas v e l o c i t i e s  r a r e l y  c r e a t e  high i n t e r f a c i a l  a r eas  f o r  oxygen 
t r a n s f e r .  
The above cons ide ra t ions  have l e d  t o  a  number of novel fermentor  designs 
aimed a t  i nc reas ing  oxygen t r a n s f e r  r a t e  and/or  decreasing the  power requirement 
f o r  a g i t a t i o n  and a e r a t i o n .  
The a i r l i f t  fermentor c o n s i s t s  of an o u t e r  c o l u m  wi th  an inne r  c y l i n d e r  
c a l l e d  the  d r a f t  tube. For normal f low,  a i r  i s  sparged i n t o  t h e  base of t h e  
d r a f t  tube which l eads  t o  a  r e c i r c u l a t i n g  flow p a t t e r n .  A s  t he  sparged a i r  
flow r a t e  i s  increased  the  l i q u i d  flow r a t e  i n  t h e  c i r c u l a t i o n  loop inc reases  
and bubbles en t ra ined  above the  d r a f t  tube a r e  c a r r i e d  down t h e  ou t s ide  by the  
flowing l i q u i d .  The r e s u l t  of t h i s  i s  t h a t  oxygen t r a n s f e r  takes p l ace  
throughout t h e  whole system. 
An a l t e r n a t i v e  t o  i nc reas ing  the  a g i t a t i o n  i s  t o  i nc rease  the  oxygen pressure ,  
although t h i s  increased  p re s su re  tends t o  impede t h e  evo lu t ion  of carbon d ioxide .  
However t h i s  problem i s  overcome i n  t he  I C I  pres su re  cyc l e  fermentor shown 
i n  Figure 2 .  This c o n s i s t s  of a  t a l l  bubble column t h e  he igh t  of which allows 
s i g n i f i c a n t  h y d r o s t a t i c  p re s su re  a t  t he  base. As a  r e s u l t  t h e  absorp t ion  of 
oxygen from the a i r  supply i s  promoted by the h igh  pressure  i n  t h e  lower reg ions  
of the column and the  desorp t ion  of carbon dioxide i s  aided by t h e  low pressure  
i n  t he  upper reg icns .  
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Figure 2 .  The TCI pressu re  cyc le  fermentor 
I n  fe rmenta t ion  processes i t  i s  e s s e n t i a l  t h a t  t h e  system i s  cont inuous ly  
cooled otherwise the temperature r i s e s  t o  an unacceptable  l e v e l .  A t  h igh  
product ion r a t e s  a  cons iderable  amount of low grade  h e a t  i s  produced. This  
a r i s e s  from t h e  h e a t  produced in  the  chemical r e a c t i o n  i t s e l f ,  t h e  mechanical 
gene ra t ion  of h e a t  du r ing  a g i t a t i o n  and t h e  h e a t  genera ted  i n  compressing the  
a i r  fed i n t o  the r e a c t o r .  The amount of h e a t  gene ra t ed  i s  t oo  h igh  f o r  the use 
oE jackcted  vesse1.s o r  i n t e r n a l  coo!.ing c o i l s  and i t  i s  t h e r e f o r e  normal t o  use 
an e x t e r n a l  cool ing  c i r c u i t .  This  can involve  p l a t e  h e a t  exchangers ,  o r  
r e f r i g e r a t i o n  systems with pumps capable of hand l ing  an a e r a t e d  aqueous medium. 
An e f f e c t i v e  way of developing the technology vrould be  t o  i n c r e a s e  the  o p e r a t i n g  
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temperature in  tlie fermentor  by say  10 C. This would have a  s i g n i f i c a n t  e f f e c t  
on the  cool ing  problem and may avoid t h e  use  of r e f r i g e r a t e d  systems i n  warmer 
c l ima tes .  
I n  add i t i on  t o  t he  fermentor i t s e l f  t h e r e  a r e  o t h e r  i tems of equipment. 
Both the  gaseous and l i q u i d  feeds  need s t e r i l i s a t i o n .  Gas s t e r i l i s i n g  f i l t e r s  
a r e  c o m e r c i a l l y  a v a i l a b l e  bu t  because they  c o n s i s t  of a mu l t i t ude  of i n d i v i d u a l  
f i l t e r  elements f i t t e d  on to  a base p l a t e  chere  i s  some doubt about t h e i r  s u i t -  
a b i l i t y  f o r  t h i s  a p p l i c a t i o n  because of t h e  l a r g e  numbers of j o i n t s  involved. 
Accordingly BP have designed a s i n g l e  u n i t  which u t i l i s e s  g l a s s  f i b r e  f i l t r a t i o n  
and which overcomes the  disadvantages of t h e  convent ional  gas  s t e r i l i s i n g  f i l t e r .  
Conventional h e a t  s t e r i l i s a t i o n  can be used f o r  t he  l a r g e  flows of l i q u i d  feed.  
By t h e  use of h e a t  exchangers and steam heat ing,  s t e r i l i s a t i o n  i s  achieved by 
hold ing  t h e  feed  flow a t  t h e  r equ i r ed  temperature  f o r  s e v e r a l  minutes .  
The f i n a l  product should be i n  t h e  form of a dry  s t a b l e  powder. S ince  t h e  
fermentor  bro th  has a dry  c e l l  weight of from 1-5% t h e  removal of up t o  99 kg 
of water  per  kg of product  i s  r equ i r ed .  I n  a d d i t i o n  any unreac ted  feeds tock  
must be removed. This l a t t e r  can be p a r t i c u l a r l y  troublesome when t h e  feeds tock  
i s  i n  a s e p a r a t e  phase (e.g.  o i l ) .  The s i n g l e  c e l l  p r o t e i n  has a d e n s i t y  only 
a l i t t l e  g r e a t e r  than t h e  aqueous medium i n  which it  grows. The sedimentat ion 
r a t e  under g r a v i t y  i s  t h e r e f o r e  slow b u t  s e p a r a t i o n  can b e  achieved by c e n t r i -  
fuging.  This  i s  p r e f e r a b l e  t o  f i l t r a t i o n  s i n c e  i t  i s  no t  easy t o  main ta in  t h e  
high s tandards  of c l e a n l i n e s s  requi red  wi th  f i l t e r s .  Following mechanical 
reduc t ibn  of the water  conten t  down t o  about 20% t he  remaining mois ture  i s  
removed i n  d rye r s  o r  evapora tors .  
The i n d u s t r i a l  product ion of SCP r e q u i r e s  a l o t  of energy,  and i n  a world 
where energy cons ide ra t i ons  a r e  of i nc reas ing  concern t h e  h igh  energy requirement 
of SCP may l i m i t  i t s  u se  as food. The energy requirements  f o r  SCP product ion 
have been ca l cu l a t ed  by Lewis (5 ) .  H e  uses  t he  concept of Gross Epergy 
Requirement (GER) which. is  t h e  amount of energy source of sources  which a r e  
seques te red  by t h e  process  of making a good o r  s e r v i c e  (6 ) .  This  is u s u a l l y  
expressed i n  mega j o u l e s  per  ki logram (MJ/kg). The GER from SCP product ion from 
s i x  d i f f e r e n t  s u b s t r a t e s  i s  shown i n  Table 1. The high G E R ' s  when hvdrocarbon 
o r  hydrocarbon d e r i v a t i v e s  a r e  used as  s u b s t r a t e s  a r e  due t o  t h e  l a r g e  GER's 
of the s u b s t r a t e s  themselves.  This  may l i m i t  t h e  use of hydrocarbons and 
ccxlsti tute a reason f o r  concen t r a t i ng  on processes  based on carbohydrates  o r  
wastes which a r e  much l e s s  energy in t ens ive .  
Actual energy breakdowns a r e  d i scussed  by Laine e t  a1 (7). Except ing the 
chemical energy of t h e  feeds tock  t h e  major energy i n p u t s  a r e  t he  power needed 
t o  d r i v e  compressors and the  f u e l  f o r  the  d rye r s .  Power f o r  fermentor  a g i t a t d r s  
i s  a sma l l e r  p ropor t ; on  of t o t a l  energy requirements .  It i s  p o s s i b l e  t h a t  energy 
savings could be made by the  use of improved technology. This  could involve 
improved r e a c t o r  des ign ,  the  usc of chemical b ioc ides  i n s t e a d  of steam f o r  
s t e r i l i s a t i o n ,  ope ra t i ng  a t  a  h ighe r  tempera ture  t o  reduce r e f r i g e r a t i o n  requi re -  
ments and t h e  use of a d d i t i v e s  t o  reduce t h e  energy ceeded i n  c e n t r i f u g a l  
s epa ra t i on .  I t  i s  d i f f i c u l t  t o  envisage economies a t  t h e  dry ing  s t a g e  bu t  i t  i s  
p o s s i b l e  t l ~ a t  lower grade energy such a s  s o l a r  r a d i a t i o n  could c o n s t i t u t e  some 
of t he  i npu t .  
Lewis (5)  a l s o  p re sen t s  d a t a  on t h e  land and labour  requirement  f o r  CCP 
product ion.  In  terms of land usage t h e  l a r g e  s c a l e  product ion  of SCP from hydro- 
carbon o r  hydrocarbon d e r i v a t i v e s  i s  over  t h r e e  degrees  of magnitude more 
economical than product ion from carbohydrates  where c rops  have t o  b e  grown a s  
raw m a t e r i a l  p r i o r  t o  process ing .  A s i m i l a r  d i s p a r i t y  occurs  i n  labour  usage 
where l a r g e  s c a l e  SCP product ion  from petroleum and d e r i v a t i v e s  uses  on ly  one 
seventh of t h e  labour  per  u n i t  v e i g h t  of product  when compared w i t h  a  sma l l e r  
p l a n t  using waste m a t e r i a l s .  
However from an energy po in t  of view t h e  most a t t r a c t i v e  s u b s t r a t e s  remain 
t he  carbohydrates .  This  p o i n t s  t o  an i nc reased  u t i l i s a t i o n  of genuine wastes  
and a g r e a t e r  use of molasses even t o  t he  e x t e n t  of growing more sugar  cane. 
The GER f o r  beef is 61 W/kg and t h e r e f o r e  f o r  a l l  b u t  one of t h e  processes  i n  
Table 1 it  i s  e n e r g e t i c a l l y  unsound t o  manufacture p r o t e i n  f o r  feed ing  t o  animals 
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t o  be consumed'by man. These consj .derat ions t o g e t h e r  w i th  a  soya meal p r i c e  of  
about E79/tonne b r ing  i n t o  ques t i on  whether f o r  t h e  t h i r d  world more convent iona l  
a g r i c u l t u r e  w i l l  prove t o  be a  b e t t e r  s o l u t i o n .  The major advantage is low 
land usage a r i s i n g  from the  ve ry  f a s t  p roduct ion  r a t e s  and a l s o  s u b s t a n t i a l  
economy of s c a l e  in  labolir c o s t s .  
For product ion of SCP from p a r a f f i n s  o r  gas  o i l s  t h e  p l a n t  s i z e  w i l l  be 
determined by t h e  s i z e  of t he  r e f i n e r y  and feeds tock  a v a i l a b i l i t y .  The app rop r i a t e  
s c a l e  index of 0.8 gives  s i g n i f i c a n t  bu t  modest economies of  s c a i e .  The 
r e l a t i v e l y  high value prcsumahly r e f l e c t s  t h e  e x t e n t  t o  which h e a t  t r a n s f e r  
opera t ions  c o n t r i b u t e  t o  t h e  c a p i t a l  c o s t .  
In  some coun t r i e s  t l ~ e  i n d i v i d u a l  i tems of equipment a r e  c l o s e  t o  t he  maximum 
u n i t  s i z e  f o r  a  r e l a t i v e l y  smal l  p l a n t .  The r e s u l t . o f  t h i s  is t h a t  f o r  l a r g e r  
p l a n t  r e p l i c a t i o n  of u n i t s  i s  requi red  wi th  economy of s c a l e  l i m i t e d  t o  sav ings  
on land and s t r u c t u r e s .  For t h e  l a r g e s t  p l a n t s ,  i n  p a r t i c u l a r ,  t he  e f f e c t  of 
i n t e r r u p t i o n s  i n  e l e c t r i c  power supply should be cons idered .  
I t  i s  noteworthy t h a t  a  major sugar  company i s  pushing t h e  concept of v i l l a g e  
l e v e l  SCP systems t o  handle d i s t r i b u t e d  a g r i c u l t u r a l  wastes .  This  uses  systems 
cons t ruc ted  of p l a s t i c  employing cheap l o c a l  l abour  and ope ra t i ng  a t  about 
3 tonnes /day. 
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Problems o f  n u t r i t i o n  - ani.r lals v s  humans I n  t h e  e a r l y  days  of SCP work, 
up t o  t h e  e a r l y  70s ,  i t  ua: - i ' d . x y s  hoped ,  and a lmos t  assumed,  t h a t  SCP s h o u l d  
be  d i r e c t e d  f o r  human use and t o  h e l p  t h e  t h i r d  world  i n  p a r t i c u l a r .  However 
more r e c e n t  e x p e r i e n c e  h a s  shown t h a t  t h e r e  a r e  f a r  l e s s  d i g e s t i v e  problems w i t h  
a n i m a l s  t han  man, l e t  a l o n e  any s o c i o l o g i c a l ,  p o l i t i c a l  o r  a c c e p t a n c e  p rob lems .  
The f i r s t  t h i n g  t h a t  mus t  be done i s  t o  f i n d  o u t  i f  t h e  SCP i s  t o & i c o l o g i c a l l y  
s a f e  and n u t r i t i o n a l l y  a d e q u a t e .  So f a r  a l l  t h e  t e s t s  on a n i m a l s  have  p roved  
s a t i s f a c t o r y .  O f t e n  t h e s e  t e s t s  i n c l u d e d  compar i sons  w i t h  o t h e r    rote in supplements  
such  as  soya ,  f i s h  m e a l ,  e t c .  and a g a i n  t h e r e  were no a d v e r s e  e f f e c t s .  Long- 
t e rm f eed ing  t e s t s  on T o p r i n a  (SCP from o i l )  have  shown t h e  absence  o f  any  
ca r c inogens  and t h i s  is c u r r e n t l y  b e i n g  w i d e l y  u sed .  A t  p r e s e n t  t h e  l e v e l s  o f  
SCP i n  an a n i m a l ' s  f e e d  a r e  s e t  by government  r e g u l a t i o n s  i n  most c o u n t r i e s ,  
b u t  t h e  expe r im e n t a l  e v i d e n c e  shows t h a t  t h e s e  cou ld  be  i n c r e a s e d  w i t h o u t  any 
i l l  e f f e c t s .  
There  a r e  t h r e e  d i r e c t i o n s  t h a t  c o u l d  be t a k e n  t o  i n c r e a s e  t h e  u s e  o f  SCP 
i n  m i m a 1  feed .  F i r s t  i s  t o  j u s t  e x t e n d  t h e  c u r r e n t  l e v e l s ;  second-  i s  t o  u s e  
g e n e t i c  e n g i n e e r i n g  on e x i s t i n g  s t r a i n s  o f  SCP t o  modify c h a r a c t e r i s t i c s  t o  make 
them even more* s u i t a b l e  t o  ' p a r t i c u l a r  . l i v e s t o c k ;  t h i r d ,  b r e e d  s e l e c t e d  l i v e s t o c k  
which respond b e s t  t o  b e i n g  f e d  t h e  e x i s t i n g  SCP. 
Feeding SCP t o  man h a s  r u n  i n t o  a  l o t  more p rob lems ,  m a i n l y  p h y s i o l o g i c a l .  
The i n i t i a l  c o n s t r a i n t  i s  even more s t r i n g e n t  t e s t s  f o r  t o x i c o l o g y  e t c . ,  e s p e c i a l l y  
i f  the- s u b s t r a t e  i s  b i o l o g i c a l  w a s t e  f r om a n i m a l s  o r  f rom c r u d e  o i l .  The most 
i m p o r t a n t  o b s t a c l e  s o  f a r  h a s  been t h e  r a n g e  of g a s t r o i n t e s t i n a l  c o m p l a i n t s  i n  
f e e d i n g  s t u d i e s .  Some p e o p l e  seem p a r t i c u l a r l y  s e n s i t i v e  t o  SCP and g e t  v i o l e n t  
r e a c t i o n s  even when i t  i s  removed f rom t h e i r  d i e t  and t h e n  r e - i n t r o d u c e d .  
The o t h e r  prohlem is t h a t  b lood u r i c  a c i d  can  be  e l e v a t e d  caus ing  i n  some 
peop l e  gout  o r  s t o n e s .  T h i s  does  n o t  happen i n  an imals  a s  t h e i r  d i f i e s t i v e  
pathways a r e  d i f f e r e n t .  
The q u a l i ~ y  o f  SCP s o u r c e  does  v a r y .  B a c t e r i a ,  a t  p r e s e n t ,  seem t h e  l e a s t  v i a b l t  
s o u r c e  f o r  humans due t o  p r o t e i n  q u a l i t y  and d i g e s t i b i l i t y .  Y e a s t ,  p a r t i c u l a r l y  
T o r u l a  y e a s t ,  g i v e s  few p a t h o p h y s i o l o g i c  r e a c t i o n s  a l though  e x t e n s i v e  d a t a  on p e t r o -  
leum grown s p e c i e s  i s  n o t  y e t  a v a i l a b l e  O the r  f u n g i  may w e l l  be a  more p romi s i ng  
p r o s p e c t .  When c o n s i d e r i n g  f e e d i n g  SCP t o  man t h e  o t h e r  i n p o r t a n t  c o n s t i t u e n t s  of 
food must be c o n s id e r e d  p a r t i c u l a r l y  m i n e r a l s ,  v i t amins  e t c .  The f u t u r e ,  t h e n ,  
seems t o  be d i r e c t e d  a t  SCT f c r  e n r i c h i n g  of  food r a t h e r  t h a n  a  food on i t s  own. Man) 
people. a re  digc-s? i.v.:.ly s i n s i  i ; - :I  t o  a number of common foods, t h a t  we a l ready 
accept vidzl:: and ~:ould !lot t h ink  c.f banning because a  small  percentage of the  
population co:- i ldn ' t  e l z  them. 
S o ~ e  1-3::s ,-f Incorp~lr-.tir._r S!T i n t o  human foods There a r e  a l ready a number 
-- 
r . i  '!:or.,- p r c ) t z i n s f  il*ing i~sed  in  human food, e.g. Textur i sed  Vegetable p r o t e i n  (TVP), 
i r  i s  i e ? t  ti!at acce-)tance of SCP will depend l a r g e l y  on t h e i r  acceptance. 
T l ~ e  rnl>st c f f i c ; c n t  v a y  t n  u t i l i s e  SC? would be t o  use i t  d i r e c t l y  i n  human food,  
b s t  people do not  e a t  on the b a s i s  of need and n u t r i e n t  alone,  t h e r e f o r e  t h e r e  a re  
L; number af ways in whici~ SCP can be incorporated i n t o  food, e i t h e r  a s  a major o r  
minor component. I t  has th ree  major ~ l u s e s :  . F i r s t ,  f o r  n u t r i e n t s ,  second f o r  
f lavour  o r  co lour ing ,  t h i r d  f o r  i t s  func t iona l  p r o p e r t i e s  such a s  a  s u r f a c e  a c t i v e  
agent;  o ther  s u r f a x  p ro !>e r t i e s ,  as  a  s t r u c t u r e  o r i e n t a t i n g  agent i n  thermoset t ing,  
ex t rus ion  o r  spinr:ing t o  a f f e c t  s t r u c t u r e  o r i e n t a t i o n  t o  use i t  as  a major 
ingredient  (coagulat ion.  rheologica l  p r o p e r t i e s ,  s p i n n a b i l i t y ) ;  o r  a s  a  f i l l e r .  
A l l  these ind ica t e  tha t  SCP can be made i n t o  a t t r a c t i v e  food f o r  the  human 
consuner, e x t r u s i o : ~  and a s  a  f i l l e r  being the most economically sound, bu t  it i s  
acceptance by the  consumer t h a t  i s  paramount. 
. Marketing SCT and i t s  competi t ion There a r e  two main markets a t  which 
human SCP can be ained. These a re  i n  developed coun t r i e s ,  and low income count r ies .  
:,!arke t ing f o r  ani,:iil f e e ~ l s  t u f f  i s  much more b a s i c  and r e l i e s  on govern&nt 
regulation.,  and p r i c e ,  r.liile f o r  humans p resen ta t ion  i s  a l s o  very important .  
P r i ce  w i l l  he  a  ver:*r imyortant f a c t o r ,  e s p e c i a l l y  f o r  i n s t i t u t i o n a l  food such 
as i n  s ~ h o . . ) l s  and i ~ o s p i t ~ ~ l  s  -' poss ib ly  as a  meat extende'r l i k e  soya. However a  
rncre a t t r a c t i v e  nane sec:;ls necessary f o r  more s o p h i s t i c a t e d  markets,  and even 
with government ap?roval marketing would be very hard a s  t h e  source of ,  t he  p ro te in  
sounds so una t t r ac t ive .  Typical examples of t he  fo rce  of the  consumer are  Japan 
and Finland. In  Japan tiley have forced  t h e  c losure  of t he  indus t ry  with sca re  
t a l k  of c ~ r c i n ~ g e n s  a , t!ie s u b s t r a t e  was hydrocarbon. In  Finland the r eve r se  
happened, as  t h e r e  was a!.~ acute  p r o t e i n  shor tage  f o r  animal f eed  and the  government 
wanted to r in imise  imports.  
With low incone c o ~ ~ n t r i e s  the major problem i s  adapting technologies  t o  
e x i s t i n g  t a s t e s  and d i e t a r y  p a t t e r n s ,  a s  well  a s  t o  a  low income. Often the  
p lanner ' s  approac!) t o  crire ma lnu t r i t i on  ignores t h e  human aspec t .  Most of these  
problems have a l ready bi.n documented wi th  the in t roduc t ion  of o t h e r  'new p r o t e i n s '  
To su,marise t h i s  p a r t ,  SCP z u s t  have an image of s a f e t y ;  government backing and 
good sass media cor :munl~~: i t ions  before i t  can even begin t o  succeed. 
"7. Lnerc a re  a number of o t h e r  unconventional p r o t e i n  sources.  These a r e :  
a) . Soybcan Fror.2 i n  con cent r a t e s  
b)  TLT ( ' textured veg.?c:ablc p ro te in )  
c :  Rapeqeed cake 
d l  Fish p ro te in  concentrate  (FPC) 
e )  Co t tonseed  o i l  
f )  Whey c o n c e n t r a t e ,  e t c .  
However, t h e  most impor tan t  of t h e s e  a r e  s o y a ,  and f i s h  n e a l .  Soya can be  
a f f e c t e d  by t h e  wea the r  and f i s h  meal was r e c e n t l y  s c a r c e  due t o  t h e  n o n - a r r i v a l  
of  t h e  anchovies  o f f  C h i l e  which m a k e  t h e  i d e a  of an independen t  p r o t e i n  s o u r c e  
a t t r a c t i v e .  But SCP must be economica l ly  c o m p e t i t i v e ,  which a t  p r e s e n t  i t  i s  n o t  
( i . e .  about  twice  t h e  p r i c e  o f  s o y a ) .  
A l l  t h a t  h a s  been w r i t t e n  s o  f a r  i s  a  v e r y  b r i e f  s u r v e y  of t h e  a r e a .  More 
d e t a i l s  on a l l  a s p e c t s  a r e  a v a i l a b l e .  
J u s t  t o  b r i n g  t h i n g s  r i g h t  up-to-date:  
a )  I C I  have t h e i r  p l a n t  runn ing  a t  B i l l i n g h a m  
b) BP a r e  s t i l l  a r g u i n g  w i t h  t h e  I t a l i a n  Government o v e r  t h e i r  p i l o t  p l a n t  
and t h e i r  new commercial p l a n t  which h a s  s t i l l  n o t  been t u r n e d  on 
c)  BP a r e  c o l l a b o r a t i n g  w i t h  t h e  Venezuel ian  Government t o  b u i l d a  p l a n t  t h e r e  
d) Arnoco h a s  g o t  p e r m i s s i o n  i n  t h e  USA t o  add SCP t o  c e r t a i n  human foods  
(3% t o  102) 
e )  USSR is produc ing  300,000 t o n s  a  y e a r  and i s  p l a n n i n g  t o  i n c r e a s e  by 
a n o t h e r  500,000 t o n s  p e r  y e a r  
f )  Rumania i s  p roduc ing  60,000 t o n s  a  y e a r .  
Some comparisons w i t h  o t h e r  ' n o v e l  p r o t e i n s '  There  a r e  b a s i c a l l y  two main 
c a t e g o r i e s  of n o v e l  p r o t e i n s .  These a r e :  
a ) -  P r o c e s s i n g  c o n v e n t i o n a l  food s o u r c e s  
e . g .  FTC ( f i s h  p r o t e i n  c o n c e n t r a t e )  
D e s a l t e d  soya  meal and f l o u r  
Soya p r o t e i n  c o n c e n t r a t e  
Soya p r o t e i n  i s o l a t e  
Res idues  from o t h e r  v e g e t a b l e  o i l s  
b)  Making use  e i t h e r  of p l a n t  m a t e r i a l  n o t  p r e v i o u s l y  e x p l o i t e d  f o r  u s e  i n  
human f o o d ,  o r  growing mic robes  on s u b s t r a t e s  which can p r o v i d e  a cheap carbon 
s o u r c e .  
Soya i s  t h e  most w i d e l y  used  and t h i s  is t h e  most d i r e c t  c o m p e t i t i o n  f o r  SCP, 
a l t h o u g h  f i s h  meal and t h e  o t h e r  v e g e t a b l e  o i l s  t o g e t h e r  are about  40% of t h e  
c u r r e n t  marke t .  
Soya is  p r o c e s s e d  i n t o  t h r e e  main forms.  The o i l  which i s  abou t  20% i s  
used i n  margar ine  and cooking f a t ,  - t h e  meal ,  p r o t e i n  i s o l a t e  and c o n c e n t r a t e  
can be made i n t o  t e x t u r e d  forms (TVP) and t h e  i s o l a t e  can a l s o  b e  spun ( l i k e  ' 
C o u r t a u l d s '  KESP). 
There a r e  no r e a l  f i g u r e s  a s  t o  t h e  a c t u a l  human consumption b u t  t h e r e  a r e  
a  number of p r o d u c t s  on t h e  i a r k e t  a t  t h e  moment. The f i r s t  was Crosse  & Blackwel l  
w i t h  Mince Savour ,  then  CadEl~x!~'s Soya Choice ,  and Danoxa m e a t l e s s  v a r i e t i e s  
made w i t h  C o u r t a u l d s '  E S P .  R r o o ~ e  Sond 9x0 have a l s o  r e c e n t l y  hunched  Soya 
Yince . 
I n  t h e  UK B r i t i s h  Arkady a r e  t h e  l a r g e s t  m a n u f a c t u r e r s  of TVP, w i t h  B r i t i s h  
Soya P r o d u c t s ,  S p i l l e r s  and C o u r t a u l d s  a l s o  invo lved .  There a r e ,  a l s o  p l a n t s  i n  
Hol land ,  F r a n c e ,  German)- and Sweden i n  Europe,  and a l s o  i n  t h e  USA. 
So f a r ,  soya cannot  be grown i n  B r i t a i n  and o u r  n e a r e s t  e q u i v a l e n t  i s  t h e  
f i e l d  bean used b y  C o u r t a u l d s .  By f a r  t h e  l a r g e s t  soya  grower i s  t h e  USA, w i t h  
B r a z i l  expanding f a s t  and China  s t a t i c .  The # ? r i c e  i s  around £160, compared w i t h  
approx imate ly  £300 p e r  tonne  f o r  SCP. 
When i t  comes t o  market  SCP f o r  human consumption,  p r o v i d e d  any t o x i c o l o g i c a l  
and d i g e s t i v e  problems can be overcome, most p e o p l e  b e l i e v e  i t  w i l l  depend on 
t h e  f o r t u n e s  of soya and p r o v i d e d  t h a t  i s  a  s u c c e s s  t h e n  SCP s h o u l d  have a  chance.  
Conclus ion T h i s  b r i e f  p r e s e n t a t i o n  of  a  more d e t a i l e d  a n a l y s i s  of t h e  a r e a  
of s i n g l e  c e l l  p r o t e i n  i l l u s t r a t e s  a  number of f e a t u r e s  which a r e  commonly 
encoun te red  i n  s t u d i e s  of t e c h n o l o g i c a l  i n n o v a t i o n .  I n  p a r t i c u l a r  it  shows 
1)  t h a t  t h e  i d e n t i f i c a t i o n  of  g e n e r a l  market  needs  e . g .  food s h o r t a g e  o r  
p r o t e i n  d e f i c i e n c y ,  doe-: n o t  n e c e s s a r i l y  l e a d  t o  t h e  a c c e p t a n c e  o f  new techno logy  
which h a s  a  p o t e n t i a l  f o r  mee t ing  t h i s  need.  I n  t h i s  c a s e  i t  i s  argued t h a t  t h e  
need h a s  n o t  been c o r r e c t l y  i d e n t i f i e d  because  i t  does n o t  t a k e  i n t o  accoun t  
f a c t o r s  of a  s o c i a l  o r  ~ o l i t i c a l  n a t u r e  which have a  c o n s i d e r a b l e  e f f e c t  on t h e  
acceTflance of change of any s o r t .  
2)  long r e s e a r c ; ~  and ilevelopment t i m e s  which i n  t h i s  a r e a  a r e  a lmost  i n e v i t a b l e  
can r e s u l t  i n  changes i n  many f a c t o r s  which a f f e c t  t h e  d e g r e e  of u t i l i s a t i o n ,  
and s u c c e s s  r a t e ,  of neb: t echno logy .  I n  t h i s  c a s e  t h e  i n c r e a s e  i n  energy  c o s t s  
h a s  had a  s i g n i f i c a n t  e r f e c t  on t h e  v i a b i l i t y  of a t  l e a s t  one r o u t e  and may, i n  
f a c t ,  have an impor tan t  i n f l u e n c e  on t h e  l i k e l y  f u t u r e  s u c c e s s  of o t h e r  r o u t e s  
c u r r e n t l y  b e i n g  pursued .  I n  a d d i t i o n  a s  i s  s o  o f t e n  t h e  c a s e  improvements i n  
t h e  p r e s e n t  means of  rnec:ting t h e  needs  a r e  c o n s i d e r a b l e ,  f o r  example i n  y i e l d s  
and v a r i e t i e s  of p r o t e i n  from n a t u r a l  s o u r c e s .  
3) t h a t  t h e  n e e d s ,  and t h e  way t h e y  might  b e  met, must be  v e r y  c a r e f u l l y  
i d e n t i f i e d  and a s s e s s e d  i n  t e r n s  of t h e  c h a r a c t e r i s t i c s  of t h e  p a r t i c u l a r  market  
and environmental  s i t u a t i o n s .  For ,  example t h e  a v a i l a b i l i t y  and c o s t  of p a r t i c u l a r  
raw m a t e r i a l  s o u r c e s ,  oE energy  s o u r c e s  and of marke t s  must be c a r e f u l l y  c o n s i d e r e d .  
A n a l y s i s ,  i n  t h e  c a s e  c o n s i d e r e d  h e r e ,  i n d i c a t e s  t h a t  t h e r e  a r e  a  v a r i e t y  of  
s t a r t i n g  p o i n t s  and of vays of u s i n g  t h e  f i n a l  p r o d u c t .  
The c o n c l u s i o n  one can d r a v  i s  t h a t  t h e r e  i s  n o t  a g e n e r a l  market  need bu t  
a v a r i e t y  of more s p e c i f i c  ones and t h a t  t h e r e  i s  scope  f o r  2 v a r i e t y  of  
p r o c e s s e s ,  u t i l i s i n g  a  v a r i e t y  of s t a r t i n g  m a t e r i a l s  and b e i n g  used i n  d i f f e r e n t  
ways. Th is  o f f e r s  a  l o t  of o p p o r t u n i t i e s  f o r  t e c h n o l o g i c a l  i n n o v a t i o n  b u t  
s u c c e s s  is  n o t  ' l i k e l y  t o  b e  achieved u n l e s s  c a r e f u l  a t t e n t i o n  i s  g i v e n  t o  more 
s p e c i f i c a l l y  i d e n t i f y i n g  t h e  needs  and t h e  comparat ive  advantages  of d i f f e r e n t  
approaches  i n  d i f f e r e n t  s i t u a t i o n s .  
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Table lGERs and product ion  c o s t s  of SCP product ion  processes  
S u b s t r a t e  Es t imated  GER/kg 
a c t u a l  p r o t e i n  (MJ) 
Manufacturing 
c o s t s  El tonne 1974 
B a c t e r i a  - pseudomonads Me thane 165 118* 
B a c t e r i a  - pseudomonads Me th ail01 1 4 5  150* 
B a c t e r i a  - pseudomonads E than01 145 
Yeast  - Candida sp .  Me than01 190 
Yeast  - Candida sp.'  
Yeast  - Candida sp.  
Yeast  - Candida sp.  
Yeast  - Candida sp.  
Yeast  - Candida sp .  
Moulds - Asperg i l l u s  
n i g e r  
Moulds - Asperg i l l u s  
n i g e r  
Gas o i l  
n-Paraf f  i n s  
Ethanol  
Molasses 
D i s t i l l i n g  
i n d u s t r y  waste 
S o l i d  a g r i c u l t u r a l  
waste  
A g r i c u l t u r a l  
p roces s  e f f l u e n t  
* l abour  excluded 
** l abour  included 
ORGANIZATIONAL ASPECTS OF INTEGRATING THE 
SCI.ENCE-TECHNOLOGY-PRODUCTION CYCLE IN ENTERPRISES* 
Wladys law Jermakowicz*, Jerzy Ruszkiewiczw 
I n t r o d u c t i o n  
The Science-Technology-Production (S-T-P) c y c l e  i s  concerned w i t h  t h e  
process o f  t h e  i n t r o d u c t i o n  o f  i nnova t i on  i n  t h e  microeconomy. The S-T-P c y c l e  
i n  f a c t o r i e s ,  i n d u s t r i a l  assoc ia t i ons  and o t h e r  e n t e r p r i s e s  has t h r e e  main 
stages : 
1. Research and c r e a t i o n  o f  new ideas,  p r e p a r a t i o n  o f  t e c h n i c a l  and 
economical c o n d i t i o n s  o f  a  new produc t .  (Sc ience)  
2. Prepa ra t i on  o f  t e c h n i c a l  s p e c i f i c a t i o n s  and p ro to types .  ( ~ e c h n o l o g y )  
3. I n t r o d u c t i o n  o f  successful  p r o t o t y p e  and i n i t i a t i o n  o f  mass 
p roduc t ion .  (Product  i o n )  
The research team a t  t he  Warsaw Technica l  U n i v e r s i t y  conducted an 1 
i n v e s t i g a t i o n  of  t h e  form o f  t h e  c y c l e  and t h e  f ac to r s  and r e c r u i t i n g  events 
i n f l u e n c i n g  t h e  i n t e g r a t i o n  of  processes w i t h i n  t h i s  c y c l e .  Twenty new 
produc ts  which have been i n t r oduced  i n t o '  f u l l  s ca le  p roduc t i on  i n  t h e  machinery 
i n d u s t r y  d u r i n g  1970 - 1977 i n  Poland were examined. These 20 produc ts  were 
se lec ted  as be ing  t he  b e s t  o r  most success fu l  d u r i n g  t h i s  pe r i od .  Research 
methodology cons i s ted  o f  i n t e r v i e w s  w i t h  f o u r  persons respons ib l e  f o r  each 
p roduc t  i n t r o d u c t i o n .  These persons were: t h e  d i r e c t o r  o f  t he  f a c t o r y  which 
in t roduced t he  p roduc t  and t h r e e  key persons i n v o l v e d  i n  t h e  p r o j e c t ,  i . e . ,  
t he  i nven to r ,  t h e  head of t h e  R 8 D department ( o r  p r o j e c t  team, task  force,  e t c .  ) 
* Based on research prepared for the Machinery Ministry in Poland 
by a research team comprising W. Jermakowicz, J. Oseka, 0. Rzepka, 
J. Wipijewski, and headed by J. Ruszkiewicz. 
**Institute of Economics and Social Sciences, Warsaw Technical 
University 
o r  the  head o f  t he  product ion department d i r e c t l y  respons ib le  fo r  t he  
i n t r o d u c t i o n  o f  t h e  new product.  
This  study i d e n t i f i e d  t h e  stages and funct ions i n  t h e  c y c l e  of new 
product i n t roduc t i ons .  Research was aimed a t  i d e n t i f y i n g  t h e  f a c t o r s  i n h i b i t i n g  
e f fec t i ve  implementat ion and methods t o  reduce these b a r r i e r s .  
The stages o f  t he  S-T-P c y c l e  o f  these new products a r e  a p p l i c a b l e  i n  
var ious environments. They have been r e a l  i zed  i n  d i f f e r e n t  s e t t i n g s  and 
i n s t i t u t i o n s :  i n  f a c t o r i e s ,  i n  R d D i n s t i t u t e s ,  i n  u n i v e r s i t i e s ,  i n  indus- 
t r i a l  research centers, and i n  f o r e i g n  i n s t i t u t i o n s .  The r e l a t i o n s h i p s  between 
the  stages o f  t he  S-T-P c y c l e  o f  t h e  20 products and the  p lace where they were 
conducted i s  shown i n  F igu re  1. 
F igure  1  
Stage I Stage I 1  Stage I 1 1  
Factor ies  
A & D I n s t i t u t e s  
U n i v e r s i t i e s  
I n d u s t r i a l  Research Centers 
~ o r e i ~ n  I n s t i t u t i o n s  
The d i f f e r e n t i a t i o n  o f  t h e  S-T-P c y c l e  and the  segmentation of  t he  
organ iza t ions  respons ib le  f o r  t h e  r e a l i z a t i o n  o f  these d i f f e r e n t  stages causes 
many b a r r i e r s  towards ach iev ing  t h e  successful  i n t r o d u c t i o n  o f  new products.  
The f a c t o r s  causing d i f f i c u l t i e s  i n  implementation o f  new products. 
Research has shown t h a t  long i n t r o d u c t i o n  t imes o f  new products a re  a  
r e s u l t  o f  d i f f i c u l t i e s  experienced i n  the  i n t e g r a t i o n  w i t h i n  a l l  the  stages 
o f  the  S-T-P cyc le.  
a. I n  those cases where t he  same i f i d i v i d u a l  ( key  person)  i s  r e s p o n s i b l e  
f o r  a1 1  s tages o f  t h e  c y c l e  t h e r e  i s  a  marked r e d u c t i o n  i n  t h e  t i n e  
needed t o  i n t r o d u c e  new produc ts .  :lore t ime  i s  r e q u i r e d ,  on t h e  
o t h e r  hand, where t h e r e  a r e  many head people  i nvo l ved .  
b. The d i f f i c u l t i e s  w i t h  i n t r o d u c t i o n  o f  new p roduc ts  markedly  r i s e  
t oge the r  w i t h  each success ive accomplishment and a r e  h i g h e s t  ' i n  t h e  
t h i r d  stage. Therefore,  t h e  most un favo rab le  s i t u a t i o n  i s  when t h e  
nex t  s tage  i s  conducted by a new person who d i d  n o t  p a r t i c i p a t e  i n  
. 
t h e  p rev i ous  stage. 
c. The t ime  o f  implement ing a  new p roduc t  a l s o  depends on t h e  p o s i t i o n  
o f  t h e  person w i t h i n  t h e  o r g a n i z a t i o n a l  s t r u c t u r e .  The h i g h e r  t h e i r  
p o s i t i o n ,  t h e  q u i c k e r  new produc ts  a r e  i n t r oduced .  
d. The r e s u l t s  o f  t h e  s t udy  show t h a t  t h e  i n f o r m a l  s t a t u s  o f  t h e  key 
person i s  u s u a l l y  h i g h e r  than  h i s  fo rma l  p o s i t i o n  and s t a t u s  i n  t h e  
o r g a n i z a t i o n .  Th i s  i s  u s u a l l y  due t o  t h e  f a c t  t h a t  t h e  key person 
en joys  h i g h  a u t h o r i t y  as f a r  as t h e  dec i s i ons  abou t  a  s p e c i f i c  new 
product .  H ighe r  i n f o r m a l  a u t h o r i t y  i n  t h e  o r g a n i z a t i o n  leads  t o  a  
s h o r t e r  t i m e  i n  t h e  f u l f i l l m e n t  o f  a  nevi p roduc t .  
e. Management o f  f a c t o r i e s  and i n s t i t u t e s  whjch i n t r o d u c e  new produc ts  
choose and promote those  i n d i v i d u a l s  who have a  h i g h  formal  p o s i t i o n .  
These a r e  u s u a l l y  those who a r e  t h e  key persons managing t h e  new 
produc ts .  I nven to r s  o f  new ideas a r e  ve r y  r a r e l y  promoted. 
f. The key persons u s u a l l y  have a  l i m i t e d  amount o f  d i s c r e t i o n a r y  
a u t h o r i t y  i n  comparison t o  t h e i r  r e s p o n s i b i l i t y  and t asks .  T h i s  
f o l l o w s  t h e  n e c e s s i t y  o f  c o o r d i n a t i n g  t h e  a c t i v i t i e s  between p r o j e c t  
l eaders  and managers o f  e n t e r p r i s e s  wh ich  decreases t h e  e f f ec t i veness  
o f  management o f  t h e  new produc t .  
g. The co~npetence i n  o rgan i za t i ons  depended much more on t h e  formal  
p o s i t i o n  w i t h i n  t h e  o r g a n i z a t i o n  and l e s s  on t h e  f u n c t i o n  which t h e  
key person had to f u l f i l l  i n  t h e  o r g a n i z a t i o n  i n  r espec t  t o  t h e  new 
produc t  . 
h. The i n v e s t i g a t i o n  shows t h a t  independence o f  t h e  key person i n  
dec i s i ons  over  equipment, technology, ' resources, and m o n i t o r i n g  o f  
products  i s  ve ry  l i m i t e d  by  t h e  cons tan t  i n t e r f e r e n c e  f rom s u p e r i o r  
l e v e l s .  These i n t e r f e r e n c e s  u s u a l l y  have a  nega t i ve  i n f l u e n c e  on 
t h e  q u a l i t y  o f  new produc ts  and/or  on t h e  t ime  r e q u i r e d  f o r  i n t r o -  
duc t ion .  
i. The most common o r g a n i z a t i o n a l  s t r u c t u r e  f o r  t h e  r e a l i z a t i o n  o f  new 
products  i s  one where e x i s t i n g  s t r u c t u r e s  and teams a r e  r e t a i n e d  and 
t he  new tasks  f o r  p roduc t  development a r e  a l l o c a t e d  t o  these teams. 
As a  r e s u l t  o f  t h i s ,  t h e r e  i s  r e s i s t a n c e  a g a i n s t  a l l  new tasks .and  
d u t i e s .  Ra re l y  a r e  t ask  forces es tab l i shed  f o r  s o l v i n g  o f  d e f i n i t e  
problems. However, i n  those  s i t u a t i o n s  these spec ia l  t ask  f o r c e s  
a r e  very  success fu l .  
j. I n  those cases where task  f o r c e s  were used t h e  members were chosen 
on t h e  bas i s  o f  p r i o r  knowledge and p rev ious  p r e f e r r e d  exper ience 
w i t h  them, n o t  because o f  t h e i r  c r e a t i v i t y ,  o r i g i n a l i t y  and independence 
i n  t h i n k i n g .  As a  r e s u l t ,  r e l i a b l e  s o l u t i o n s  were achieved w i t h  a  
low degree o f  o r i g i n a l i t y  and innova t i veness .  
k. The most popu la r  p l ann ing  techniques implemented i n  t h e  process of  
f u l f i l l i n g  i n n o v a t i v e  ideas  i s  t h e  GANTT'S g raph i c  schedule. Very 
seldom a r e  network techniques (PERT o r  GERT) used and o n l y  i n  those  
cases where , the  main r e s i s t a n c e  i s  aga ins t  t h e  a d d i t i o n a l  tasks.  
1. I n  no cases were c r e a t i v e  techniques l i k e  b r a i n  storming, synect ic ,  
etc. ,  implemented. 
m. The dominant leadersh ip  s t y l e  i s  the  task  o r i e n t e d  s t y l e .  The, 
main func t i ons  o f  team leaders (key persons) are:  a l l o c a t i o n  o f  
tasks f o r  d e f i n i t e  workers, mon i to r ing  o f  work process, and c o n t r o l ,  
o f  r e s u l t s .  T,he leaders are no t  i n t e r e s t e d  i n  cons idera t ion .  The 
orders a r e  g iven u s u a l l y  o r a l l y  and f o r m a l i s t , i c a l l y .  
111. The main suggestions of improvement o f  o rgan iza t i on  of S-T-P cyc les  i n  
i n d u s t r i a l  en terpr ises .  Analys is  of ques t ionnar ies  taken by persons 
respons ib le  f o r  new product  development and i n t r o d u c t i o n  y ie ldedb t h e  
f o l  1  owing r e s u l t s  : 
f-0 3 5  
1. To i n t e r p r e t  a l l  t he  stages o f  t h e  S-T-P cyc le :  
a. The main concern w i t h  the  new product  i n  a l l  stages should be 
conducted i n  t he  same o rgan iza t i ona l  u n i t s .  (852 answer) 
b. The cons t ruc t i on ,  techno log ica l ,  and R & D u n i t s  should be un i ted  
i n  one l a r g e  un i  versa1 organ iza t ion .  (85%) Many d i f f i c u l t i e s  
a r i s e  due t o  t h e  f a c t  t h a t  t e s t i n g  s t a t i o n s  f o r  p ro to t ype  u n i t s  
a re  independent subuni ts  w i t h i n  the  cons t ruc t i on  o f f i c e .  Serious 
problems develop between on 1  i n e  mass product ion  w h i l e  p r o t ~ t y p ~ s  
o f  t h e  new product were very  successful. 
c. Task forces should be es tab l ished w i t h  a  leader  (key person) who 
would be respons ib le  f o r  a l l  stages o f  S-T-P cyc le .  This  leader 
should have a u t h o r i t y  competences toward t h e  o the r  department 
heads (sales,  product ion,  equipment) i n  respect  t o  t h e  new 
products. These competences should be increased, t h e  h igher  t h e  
p r i o r i t y  of a  new product.  
I d. The process o f  i n t roduc ing  a new product should be so organized 
t h a t  feedback would e x i s t  between cons t ruc t i on  tasks and the  
t e s t i n g  un i t s .  
2. Some fac to rs  necessary f o r  inc reas ing  the independence o f  i n d i v i d u a l s  
p a r t i c i p a t i n g  i n  t he  process o f  designing new products are:  
a. To prov ide a key person (product ' l eade r )  w i t h  a number of main 
personnel competencies which a re  necessary i n  management o f  a 
new product. The competencies should be as fo l low:  
(a )  s e l e c t i o n  o f  workers t o  the  task f o r c e  
I (b)  rewarding and punishing persons i n  task fo rce  
( c )  promotion o f  subordinates i n  respect  t o  p o s i t i o n  i n  the  
organ iza t ion  and t h e i r  s a l a r y  
(d )  having a t  t h e i r  d isposal  t he  f i n a n c i a l  means i n  respect  
t o  t h a t  product  o r  p r o j e c t  
b. To prov ide  a key person w i t h  decision-making competencies 
concerning: 
(a )  beginning and ending tasks 
( b )  e s t a b l i s h i n g  stages f o r  f u l f i l m e n t  o f  tasks and i n  t he  
r e a l i z a t i o n  o f  t he  product,  e tc .  
3.  According t o  the respondents the re  should be increased f l e x i b i l i t y  
i n  f u l f i l l i n g  of  a l l  stages of  cyc le.  To accomplish t h i s  purpose 
the  f o l l o w i n g  should be implemented: 
a. Prepare f i r m  product  i n t r o d u c t i o n  schedule and, on the  o the r  
hand, be f l e x i b l e  enough so as t o  make some changes du r ing  t h e  
new product i n t r o d u c t i o n  cyc le .  
b. A l l oca te  t h e  R & D tasks t o  d i f f e r e n t  u n i t s  so t h a t  they w i l l  be 
ab le  t o  accept the  a d d i t i o n a l  tasks, e.g., new p r o j e c t  o r  
product o r  new research necessary f o r  achievement of t h i s  new 
product.  
4. To e l im ina te  o r  reduce bureaucra t ic  b a r r i e r s  i n  f u l f i l l m e n t  o f  
new products the  f o l l o w i n g  suggestions were given: 
a. El im ina te  f i c t i t i o u s  repo r t s  about progress i n  works and 'the 
i n f l a t e d  degrees o f  p a r t i c i p a t i o n  by d i f f e r e n t  team members. 
Most w r i t t e n  r e p o r t s  about innovat ive  a c t i v i t y  are a  f i c t i o n  due 
t o  the  f a c t  t h a t  t h i s  type o f  a c t i v i t y  i s  i r r e g u l a r  and capr ic ious ,  
the  s o l u t i o n s  are being found by leaps and jumps which a r e  
d i f f i c u l t  t o  p r e d i c t  and p lan.  Increas ing  the  conf idence o f  
key person i s  t he  bes t  method o f  c o n t r o l  i n  t h i s  type o f  
a c t i v i t y .  
b. Reduce the c i r c u l a t i o n  o f  techno log ica l  documentation. Permit  
the  beginning o f  t he  nex t  successive stage o f  a  p roduc t ' s  
i n t r o d u c t i o ~  on . the bas is  o f  a  general sketch and o u t l i n e ,  no t  
w i t h  l a r g e  amounts o f  paperwork. 
5. Increasing the cooperat ion between the departments pa r tak ing  i n  
t he  c r e a t i o n  o f  new s o l u t i o n s  can be achieved by: 
a. Increas ing  s tandard i za t i on  o f  elements o f  products made, e.g., 
inc reas ing  in f luence o f  no rma l i za t i on  on design process. 
b. Increas ing  f o r e i g n  currency l i m i t s  f o r  t he  purpose o f  f u l f i l l m e n t  
, , 
o f  new products. 
c. Increas ing  economic pressure, e-g. ,  i n t r o d u c i n g  compet i t i ve  
economic system which would f o r c e  t h e  elements o f  o rgan iza t i ona l  
system t o  cooperate w i t h  o the r  en te rp r i ses  and o the r  departments 
i n  t he  system and t o  increase the  q u a l i t y  o f  products. 
c. Improving the  rewards f o r  i n t r o d u c t i o n  o f  new advanced products 
which would increase the i n t e r e s t  o f  a l l  en te rp r i ses  and u n i t s  i n  
p a r t i c i p a t i n g  i n  t h e  i n t r o d u c t i o n  o f  new products. 
6. There are many d i f f i c u l t i e s  i n  the  sphere o f  e x i s t i n g  economic 
systems. The e l i m i n a t i o n  o f  these b a r r i e r s  should, according t o  
the  respondents, be achieved by implementing the  f o l l o w i n g :  
a. The e l i m i n a t i o n  o f  piece-work sa la ry  system i n  departments 
i n t roduc ing  t h e  new product.  The drawbacks o f  t he  piece-work 
system are: . ,  
(a )  low q u a l i t y  o f  in t roduced products 
(b )  l a c k  o f  i n t e r e s t  and engagement i n  f u l f i l l n l e n t  of a 
new product . 
The centers p a r t i c i p a t i n g  i n  t h e  i n t r o d u c t i o n  o f  new products 
should have t h e i r  own h i g h l y  s k i l l e d  and q u a l i f i e d  personnel 
pa id  under a monthly o r  annual s a l a r y  system. (40%) 
b. Increas ing  s a l a r i e s  o f  t echn ica l  s t a f f  which work i n  t he  R & D 
sphere i n  comparison t o  the  s t a f f  working i n  t he  product ion  , 
sphere i n  t he  en te rp r i se .  Th is  would e l i m i n a t e  t h e  h igh  
absenteeism and tu rnover  o f  t h i s  s t a f f  and e l i m i n a t e  t h e  l a c k  
of i n t e r e s t  i n  r e a l i z a t i o n  o f  t he  innovatory p r o j e c t s .  (30%) 
c. Establ i s h i n g  a proger  r a t i o  between planned r e g u l a r  producti.on 
and i r r e g u l a r  i nnova t i ve  a c t i v i t y .  The economic system prefers 
the  product ion  a c t i v i t y  due t o  the  f a c t  t h a t  t h i s  type o f  
a c t i v i t y  i s  repeated, regu la r ,  d i sc ip l i ned ,  can be p lanned and 
r e s u l t s  a re  e a s i l y  measured and the  r i s k  connected w i t h  p roduct ion  
a c t i v i t y  i s  r e l a t i v e l y  low. ( 2 5 % )  
d. Assigning a fo re ign-cur rency  fund f o r  r e a l i z a t i o n  of  new products.  
Such types o f  funds e x i s t  i n  i n d u s t r y  f o r  t he  purpose of pur-  
chasing fo re ign  l i censes  f o r  advanced products o r  p roduct ion  
processes. There a re  a few cases where t h e  management o f  an 
e n t e r p r i s e  has a p p l i e d  for.:and rece i ved  f o r e i g n  cur rency  f o r  a  
1  icense and i n s t e a d  o f  a c q u i r i n g  t h i s  t hey  i n t r oduced  t h e i r  own 
new produc t .  I n  these  few cases t h e  f o re i gn -cu r rency  fund  was 
necessary t o  purchase impor ted raw. m a t e r i a l  s  o r  components t o  
i n t r oduce  t h i s  new produc t .  ' I t  i s  no rma l l y  e a s i e r  t o  r e c e i v e  ' 
f o r e i g n  cu r rency  f o r  a  new l i c e n s e  than  f o r  a  d o m e s t i c a l l y  
developed o r i g i n a l  p r o d u c t  ( 1  0% cases) 
The research  on t h e  system of  i n t r o d u c t i o n  o f  t h e  new produc ts  has per -  
m i t t e d  i d e n t i f i c a t i o n  o f  some o r g a n i z a t i o n a l  f a c t o r s  i n f l u e n c i n g  t h e  e f f e c t i v e n e s s  
o f  t h e  S-T-P c y c l e  i n  i n d u s t r i a l  e n t e r p r i s e s .  T h i s  s t udy  has a l s o  gathered some 
sugggst ions on how t o  i n t e r p r e t  t h e  a c t i v i t i e s  i n  t h e  framework o f  t h i s  cyc l e .  
Th i s  paper can be cons idered  as a  s h o r t  summary o f  t h e  research  and as a  
s h o r t  i n t r o d u c t i o n  t o  t h e  f a c t o r s  i n f l u e n c i n g  i n t e r p r e t a t i o n  and e f f i c i e n c y  
i n  t h e  course o f  S-T-P c y c l e  exper ienced by i n d u s t r i a l  e n t e r p r i s e s .  
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